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CLINICAL AND EXPERIMENTAL 


CORONARY DISEASE ASSOCIATED WITH A SHORT PR 
INTERVAL AND A PROLONGED QRS 


A Case Report 


Capt. S, A. Leader, M.C., A. U. S. 


T HE occurrence of a short PR interval with a prolonged QRS has been de- 
scribed many times since it was first reported over twenty-five years ago. 
Much controversy has arisen as to the mechanism o £ its production, and there is 
still considerable dispute. For example, in 1930 Paul White, with Wolff and 
Parkinson, made a thorough study of a scries of cases and ascribed the condition 
to a functional bundle branch block, but emphasized its occurrence in healthy 
individuals with normal hearts. In 1938 White stated, . . the impulse in a 
given ease may pass through a short circuit, perhaps a bundle of Kent (Kent, 
1893) and sometimes through the usual circuit by way of the bundle of His 
(Holzman and Scherf, 1932).” In 1933 Wolfcrth and Wood put forth the ex- 
planation of an accessory conduction bundle, known as the bundle of Kent. 
In 1941 these last two authors presented additional cases in support of their 
original hypothesis. However, in 1938, Katz and Kaplan reported a case in a 
patient with severe cardiac damage caused by coronary sclerosis, which they con- 
tend renders quite unnecessary the theory' of conduction over the bundle of 
Kent. They maintain that the mechanism consists of an upper nodal rhythm, 
with a spreading of the impulse through a preferential path in the junetional 
conduction tissue. Tung, in a report in 1936, concludes that functional bundle 
block probably of vagal origin occurs and is not a sign of heart disease. Pardee, 
in his textbook published in 1941, states that the most acceptable explanation 
is that suggested by Cossio, who contends that these complexes are due to. the 
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excitation of an overirritable focus in the ventricle by the auricular systole. 
Levine and Beeson, in 1941, described three cases of this type, which manifested 
paroxysms of ventricular tachycardia, rather than the auricular tachycardia 
ordinarily found. In one case acute coronary thrombosis was so closely simu- 
lated that an erroneous diagnosis was made. Levine mentions another case in 
which the patient developed paroxysms of auricular fibrillation and went on into 
congestive failure, even though there was no organic heart disease. Finally 
in 1942 Buttcrworth and Poindexter, by electrical means, were able to produce 
experimentally in the cat and in the dog, complexes of the short PR, wide 
QRS type at will. In these experiments the current generated by the auricular 
muscle was picked up by small silver electrodes, placed directly on the surface 
of the auricle. This current was then amplified several thousand times and 
used to stimulate one ventricle by means of similar electrodes placed on the 
ventricular epicardium or in the ventricular muscle. They concluded that the 
most logical explanation of the syndrome is a ventricular asvnchronism, with 
premature contraction of one ventricle, activated by an abnormal conducting 
pathway. (Their experiments essentially produced another pathway from the 
auricle to the ventricle.) 

Finally, in 1943, Wood, Wolferth, and Geckler made serial sections of the 
heart from a patient whose electrocardiogram had shown a short PR and a 
prolonged QRS (there was an inverted T-l). This patient had died during an 
attack of paroxysmal tachycardia. Gross examination of the heart was negative 
but histological studies revealed three muscular connections at the right lateral 
border between the right ventricle and the right oracle. Two of these bridged a 
small part of the ventricular cavity during their course. The authors con- 
cluded that the demonstration of such structures wliieh should be capable of 
conducting an impulse to the ventricle furnishes adequate support for the hy- 
pothesis of an accessary AY conducting pathway to explain this electrocardio- 
graphic anomaly. 

It is not intended in this report to enter into the controversy as to the 
mechanism of this interesting manifestation, but merely to present a case in 
which coronai'y disease occurred, without modifying the dominant rhythm of 
the short PR and prolonged QRS, but at the same time leaving unmistakable 
evidence of coronary disease. It might be well, however, to enumerate briefly 
just what is definitely known about the condition, omitting all theories and con- 
jectures. (1) It occurs in the absence of organic heart disease. (2) It occurs 
most often in young people who are subject to paroxysmal tachycardia 
(auricular). (3) Occasionally paroxysmal fibrillation occurs in place of the 
tachycardia and very rarely ventricular tachycardia instead of auricular 
tachycardia. (4) It has been produced experimentally in animals by setting up 
an abnormal conduction pathway between the auricles and ventricles. (5) 
It has been abolished by the use of atropine, quinidine and exercise. It may 
return to normal rhythm spontaneously. (6) It occurs much more often in 
males than in females. 

. CASE REPORT 

T*. K., white male, ageil 41! years, was admitted on .Tan. it, 1 9. 'id, because of severe 
burns of the right thigh and leg. He had been discharged from the Army for epilepsy and 
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continued to have seizures ever since. Aside from his burns, physical examination revealed 
only hypertrophic arthritis of the left knee. An electrocardiogram revealed a short PR 
interval and prolonged QRS (see Fig. 1). The patient had no cardiac complaints, the blood 
pressure was 90/65, heart rate 70. The heart was not enlarged and there were no murmurs 
or thrills. 

The patient made a satisfactory recovery from his bums, but continued to suffer from 
his arthritis and to have epileptic seizures. On Sept. 9, 1941, at 8:30 A.M., while stooping 
over, he was suddenly seized with severe pvecordial pain, which lasted for three or four minutes, 
and then subsided but soon became severe again. The severe pain came and went all that 
day and also the following day, when it was somewhat less severe. The pulse rose to 120 
the first day, but soon decreased in rate. There was no temperature elevation. An electro- 
cardiogram taken Sept. 9, 1941 (Fig. 2), revealed, besides the short PR interval and the 
wide QRS previously noted, a depression of ST-1 and ST-2 and an inversion of T-l. A 
cardiogram made Sept. 11, 1941, was essentially the same as the first, but a cardiogram taken 
Sept. 18, 1941 (Fig. 3), showed a diphasic T-2 and T-4. 




Fitr. 3 — 9/18/41. Ti inverted, T: diphasic, and STj and ST, depressed. 


There was no pyrexia or leucocytosis and apparently the patient made an uneventful 
recovery. He gradually resumed his former activities; for a time he had no cardiac com- 
plaints aside from dyspnea on climbing stairs. On Dec. 1, 1941, however, while mopping 
the floor, he again experienced severe precordial pain, which lasted for one or two minutes, 
and then eased off. The severe pain was accompanied by a feeling of faintness so that he had 
to go to bed. Slight pain was still present the next day, but then disappeared. On December 
25 ho had another attack of severe precordial pain, las’ting one or two minutes, but slight 
pain persisted all day. Following this he had an occasional “ twinge” in the precordium, 
but continued to be up and around. 
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On Jan. 21, 1942, an electrocardiogram (Fig. 4) revealed a depression of the ST seg- 
ments in Leads 1, 2, and 4F, deep inversion of the T-vvavcs in Leads 1 and 4F and diphasic 
T- waves in Lead 2. The short PR and the wide QRS remained unchanged. Physical exam- 
ination at this time revealed very little change. The blood pressure was 110/80, the heart 
rate 102, the white blood count was 11,350, with 70 per cent polymorphonuclears. An electro- 
cardiogram taken Jan. 30, 1942, was essentially the same as the one taken on January 21. 

On May 15, 1942, another cardiogram was taken which was similar to that of Jan. 21, 
1942. His condition changed little during the next few months. During part of this period 
he was given theophylline. On March 11, 1943, he had another attack of sharp precordial pain 
but the temperature and pulse were normal, as were the white blood count and the sedimenta- 
tion rate. No notable incident occurred during the next few months, but on Aug. 2, 1943, he 
developed epigastric pain which radiated to the precordium. This pain did not last long, but 
on Aug. 5, 1943, it recurred. He perspired freely, the sedimentation rate was 30 and the 
white blood count 10,300. The temperature rose to 102°, pulse to IIS. An electrocardiogram, 
taken on Aug. 0, 1943 (Fig. 5), showed an entirely different pattern for him. Both the 
PR. and QRS were normal in duration and the QRS entirely normal in form. . By Sept. 
27, 1943, the cardiographic pattern had reverted to its usual form, but T-l and T-2 were 
now upright and ST-1 and ST-2 isoelectric, whereas prior to August 0, 1943, T-I was in- 
verted, T-2 diphasic, and ST-1 and ST-2 depressed (Fig. 4). By Aug. 14, 1943, the patient 
was able to be up and around, and continues to be at this writing. 

COMMENT 

Coronary occlusion was strongly considered on the basis of the patient’s 
first severe attack but could never he definitely established, although he de- 
veloped definite evidence of chronic coronary disease as demonstrated by the 
tracing of Jan. 21, 1942 (Fig. 4). Again, on Aug. 6, 3943, when all the clinical 
manifestations pointed to coronary occlusion, the electrocardiogram suddenly 
reverted to a normal pattern. While the last cardiogram on record still shows 
a slight depression of ST-1 and ST-4, and diphasic T-l and T-4, the changes 
in T-2 and ST-2 present prior to the last episode have disappeared. As men- 
tioned previously, normal rhythm may be restored spontaneously. Just what 
connection, if any, the patient’s last attack had with a transitory return to 
normal electrocardiographic pattern does not seem apparent. 

SUMMARY 

A case of a short PR and a prolonged QRS was presented. It was first 
recorded elect rographieally over seven years ago. The same rhythm was main- 
tained, even though the patient developed definite evidence of severe coronary 
disease except for transitory return to a normal pattern during an attack of 
severe precordial pain. 
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VERTIGO AND RELATED CONDITIONS*' 


A New Therapeutic Concept 


Major Maurice Eliaser, Jr., M.C., A.U.S. 


D IZZINESS, giddiness, liglitheadedness, sensations of impending syncope, 
and actual syncope are well recognized as manifestations of cerebral 
anoxemia. It is also a fairly well accepted clinical fact that the most frequent 
cause of this anoxemia is cerebral ischemia, which is caused by cerebral arterio- 
sclerosis with or without arterial hypertension. There has been some question as 
to whether true vertigo with its associated loss of equilibrium and sensation of 
rotation, with reference to external space, is ever caused by cerebral arterio- 
sclerosis in the absence of thrombosis or rupture of a vessel, although it is ad- 
mitted that dizziness and lightheadedness are common manifestations of this 
condition . 1 Actual vertigo, however, has been considered in some instances to be 
a manifestation of intrinsic vascular disease which may or may not affect the 
labyrinth . 2 ’ 3 Lindsay , 4 in commenting on labyrinthine dropsy, has stated that 
vasomotor instability may be one of its more likely causes. 

Also worthy of consideration is the likelihood that the various symptoms, as 
mentioned in the foregoing paragraph and which are manifest in the presence 
of cerebral arteriosclerosis, are caused by a decrease in volume of the blood flow 
with resultant tissue anoxia. This is analogous to the situation which occurs 
in angina pectoris and intermittent claudication when the vessels supplying the 
myocardium and lower extremities, respectively, are involved in occlusive 
arterial disease. Clinically, it would appear that one of the more important 
causes of vertigo, giddiness, and allied sjunptoms in the older age group mani- 
festing arteriosclerosis is cerebral ischemia; this result is due to the sclerotic 
arterial vessels being insufficiently elastic to compensate for rapid changes 
of pressure. Especially is this true in regard to the intracranial arteries when 
the labyrinth is involved; the effects of gravity must be overcome. Also, it is 
known that only minute degrees of ischemia are necessary to produce symptoms. 

The complaints of patients suffering from the syndromes under discussion 
vary from vertigo and syncope to ill-defined sensations of dizziness and light- 
headedness. Characteristically, these symptoms are noted on arising from bed 
or when suddenly sitting up; they generally follow rapid changes of the posi- 
tion of the head, especially from dependency to the orthostatic position. 

It is believed that because of the effects of gravity involved in the venous 
return from the brain, there may be a disparity between cerebral volume blood 
inflow and outflow in persons with impaired arterial circulation. This alteration 
of the normal balance of the circulation 2 cannot be appreciably improved in 
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organic vascular disease by attempted improvement of the arterial circulation. 
However, the venous circulation of the intracranial contents is amenable to 
change inasmuch as the entire venous return is ultimately carried by the jugular 
veins. Application of certain physiologic principles involved in therapeutic 
venous occlusion for arterial disease of the extremities 0 and coronary arteries 7 
to the cerebral circulation seems pertinent. By use of the plethysmograph it 
has been shown that following venous ligation in the normal, as well as the 
arterially deficient, extremity, there is produced an increased arterial pulsation 
which is caused by dilation of the vessels themselves . 8 It has been demon- 
strated experimentally that the effect of improved circulation to the part affected 
is not a humoral or nervous mechanism, but rather a mechanical one. Like- 
wise, it has been shown that venous ligation, as well as the use of pneumatic 
tourniquet , 0 produces engorgement of the distal veins and venules which in 
turn is transmitted through the capillary bed to the arterial tree. This increase 
in diameter reduces the resistance, and the increased volume of blood flow re- 
sults in the presence of fixed cardiac output. 

For these reasons, it was believed that obstruction in the venous return 
of the intracranial contents might prove beneficial in the treatment of symp- 
toms attendant upon inadequate arterial blood flow resulting from cerebral 
arteriosclerosis. With this object in mind, an elastic collar, % of an inch in 
width, was devised with a hook and eye attachment to permit ready removal; it 
is adjustable and may be tightened sufficiently to cause engorgement of the 
jugular veins without causing impairment of the arterial circulation. The 
collar was fitted into place at the base of the neck and well below the thyroid 
cartilage. The patients who were fitted with this device were advised to put it 
on fifteen minutes before arising from bed in the morning and to wear it con- 
tinuously until nighttime when it was to be removed fifteen minutes after 
retiring. 

Current conditions have made it impossible to obtain the clinical records 
of patients who were previously treated for a statistical tabulation; therefore, 
only one typical case report will be described. 

F. F., male, aged 49 years, had complained of dizziness since October, 1942. The 
patient entered the hospital on Feb. 9, 1943, prior to which time ho had been very active; 
he had practiced dentistry for twenty years prior to October, 1942. Previously, he had ex- 
perienced no known arterial hyper tension, renal disease, or other major illnesses, operations, 
or accidents. During the month of October, 1942, he noted the gradual onset of vertigo; 
this became quite severe within two weeks and necessitated his discontinuing his dental 
practice. The attacks consisted of recurrent sensations of loss of equilibrium, and subjective 
rotation, with reference to external space. These sjmptoms nere noted most frequently upon 
arising from bed in the morning; they usually lasted four to five hours, then gradually sub- 
sided. Several of theso episodes were induced by the rapid elevation of his head; other times 
they followed the tying of his shoelaces, or were incurred by leaning over a wash basin. 
Apart from the attacks of true vertigo, he experienced an almost continuous sensation of 
unsteadiness in. his gait, insecurity while standing for prolonged periods of time, and, occa- 
sionally, fear of impending syncope as well as a slightly impaired memory for recent events. 
There was no associated tinnitus or liypacusis. The pressure was 1GS/108. The presence or 
absence of nystagmus at that time was unknown. The condition became progressively more 
severe, and tlie patient subsequently transferred to this hospital on Feb. 9, 1943. 
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Upon physical examination, the patient was observed to be a well-developed, active, 49- 
year-old man, without edema, cyanosis, or abnormal increase of the venous pressure. General- 
ized peripheral arteriosclerosis was demonstrable in the temporal, radial, and pedal vessels. 
The blood pressure was 170/106. The carotid sinus pressure produced no change in the 
pulse rate, cardiac rhythm, or blood pressure, and was unassociated with any significant 
symptomatic response. The remainder of the physical examination was not remarkable. 

The hemanalysis, urinalysis, and blood Kalin examinations were normal. The phenol- 
sulfonphthalein excretion totaled 82 per cent in two hours by the intravenous method. 
Roentgen ray examination of the chest and intravenous pyelography were normal. The 
electrocardiogram was within normal limits. Following a three weeks’ period of observation, 
during which time various medications were instituted and failed to alter the attacks of 
vertigo, the patient was fitted with the collar as previously described. Since this time he 
has been free of dizziness, his sense of equilibrium is normal, and he has returned to work; 
he now is able to stand for as long as eight hours without a recurrence of these symptoms. 
In addition to the definite improvement, of his memory, he has noted a greatly increased sense 
of well-being for the first time since the onset of symptoms in October, 1942. The blood 
pressure has undergone no change since the employment of the collar. 

Theoretically, the use of the collar would seem indicated in several condi- 
tions other than those under discussion; for example : cerebral arterial thrombosis 
during its early phase, postural hypotension, 10 ’ 11 if unassociated with intrinsic 
arterial disease, and the amelioration of symptoms noted by pilots during rapid 
descent, the so-called “blackout” sensation. 

The only untoward effects provoked by the wearing of this device have 
been occasional headaches. These apparently are induced by the increased 
intracranial pressure which results from having the collar too tight, and they 
are relieved by reducing the tension of the elastic. The use of the sliding ad- 
juster on the collar, as is employed with garters, has proved to be a valuable 
contrivance for the maintenance of proper pressure. It has been observed that 
those patients with mild degrees of involvement are able to remove the collar in 
the afternoon without incurring a return of distressing symptoms ; presumably, 
this is due to their having become adjusted to the orthostatic position by that 
time. No effects of carotid sinus stimulation have been induced by the wearing 
of the collar because of its position at the base of the neck. 

As a general rule, the tension of the collar is adjusted so that a demon- 
strable venous pressure increase is obtained to the extent that venous engorge- 
ment is evident to the level of the mandibular angle. It has been found, how- 
ever, that in fitting the collar to the individual person, the variations in the 
musculature of the neck, and other so far unknown factors, will require trials 
to be made with varying tensions before the optimum results are obtained in 
each instance. 

It is realized that there is difficulty in evaluating any therapeutic procedure 
when the results are dependent upon purely subjective responses and are in- 
capable of objective measurement. The possibility that examination of the 
retinal veins may be used as an index for establishing the degree of increased 
venous pressure is to be investigated. However, the accessibility of this device, 
its inexpensiveness, its lack of production of untoward effects, and its proved 
value, albeit of a purely subjective nature, in a relatively small group of per- 
sons, warrants its employment when other accepted methods of treatment for 
vertigo and related conditions have failed. 
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SUMMARV 

1. The occurrence of vertigo, giddiness, lightheadedness, and syncope as 
manifestations of cerebral anoxemia resulting from cerebral arteriosclerosis is 
described. 

2. The rationale of the application of certain principles of therapeutic 
venous occlusion for these symptoms is explained. 

3. The clinical history of a patient who manifested the afore-mentioned 
syndrome and the results of therapy with partial jugular venous occlusion is 
reported. 

4. Application of the principles involved in other conditions resulting from 
cerebral anoxemia is intimated. 
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REVERSIBILITY OF SENSITIZATION OF ERYTHROCYTES 


G. M. Kaljianson, M.S., Ph.D., and J. J. Bronfenbrenner, Ph.D., D.P.IL, 

St. Louis, Mo. 


I N PREVIOUS studies 1 we have sought to ascertain whether biologic agents 
which have been neutralized by antibody could be recovered in the active state. 
In these studies we took advantage of the fact that the proteolytic enzyme 
papain can apparently completely destroy the antibody function of the antibody 
molecule. 2 Thus, when the neutralized agents were submitted to digestion with 
this enzyme, it was found to be possible to recover them in the active form. By 
this method we have succeeded in quantitatively ‘ ‘ reactivating ’ ’ neutralized bac- 
teriophage and botulinus toxin. Analogous experiments with intact, fully viru- 
lent pneumococci indicated that these organisms could be recovered in the 
virulent state even after having been completely sensitized, with all the anti- 
body they could adsorb, to the extent of complete loss of infectivity for mice. 
"We have also ascertained that the floceules of precipitate formed by the inter- 
action of type specific polysaccharide of the pneumococcus with its homologous 
antibody could be dissolved by the action of the enzyme, with the liberation of 
the specific soluble substance into the medium. Finally, we have found that 
the pneumococcus ‘ ‘ Quellung ’ 1 reaction could be completely revei'sed by papain 
digestion, and the pneumococci thus denuded of their serum coating would again 
show “Quellung” reaction upon subsequent addition of fresh antibody. 3 

These studies bring direct supporting evidence to the concept that when 
an active biologic agent is “neutralized,” the agent itself undergoes no essential 
change, except that it has become coated by antibody and thus cannot exert its 
characteristic action. When the antibody is removed, the original state of 
activity is restored. 

We were interested in studying by this technique the effect of sensitization 
of erythrocytes by hemolytic antibody (“amboceptor”). Specifically, we wished 
to ascertain whether, by analogy with our previous findings, the susceptibility 
of sensitized erythrocytes to lytic action of complement could be abolished by 
the digestion with papain. 

Technique . — The stock papain solution used in these experiments was pre- 
pared as follows: 4 Gm. of papain powder (Sargent) was shaken with 100 
ml. of distilled water for one and one-half hours. It was then filtered through 
paper and diluted to 200 ml. This solution was kept at ±7° C. under toluene 
and, when needed, an aliquot portion was activated by adding 0.1 ml. of 16 per 
cent solution of evstein hydrochloride for each ml. of enzyme solution, the 
hydrogen ion concentration adjusted to pH = 7.0-7.2, and the mixture in- 
cubated at least thirty minutes at 37° C. before use. 

Received for publication, Feb. 21, 1944. 

From the Department of Bacteriology and Immunology* Washington University School of 
Medicine. 
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The digestion of antibody was carried out by adding 0.1 ml. of the activated 
papain solution to 0.4 ml. of 4 per cent suspension of sensitized red cells and 
incubating for one hour at 37° C. The free enzyme was then removed by 
several cycles of washing with physiological salt solution in the angle centrifuge, 
and finally complement was added in the usual way to determine the presence 
or absence of sensitization. 

Rabbit antisheep amboceptor and guinea pig complement were used 
throughout these experiments. 

Results. In the preliminary experiments it was found that if 0.2 ml. of 
4 per cent suspension of red cells, sensitized with from two to ten units of 
amboceptor, is subjected to digestion with papain, the cells lose their suscepti- 
bility to lysis by complement. To control this experiment, the sensitized cells 
were mixed with comparable amounts of papain which had not been activated, 
or with cysteine alone, and in either case the cells remained sensitive to comple- 
ment. 

It was noted in the above experiment that when, the 0.2 ml. of 4 per cent 
red cells suspension had been sensitized with 10 units of amboceptor or less, the 
superambiant fluid contained no free amboceptor, indicating that it had all been 
absorbed by the erythrocytes. We were interested in repeating these experi- 
ments under conditions where the red cells were completely saturated with 
amboceptor, that is, when they had been sensitized by large excess of amboceptor. 
In order to accomplish this, it was flrst necessary to ascertain how much ambo- 
ceptor a standard dose of red cells (0.2 ml. of 4 per cent suspension) could 
absorb. Thus 0.£ ml. of the red cells was mixed with 10, 20, 40, SO, and 160 
units of amboceptor, respectively. The mixtures were then incubated at 37° C. 
for 30 minutes, centrifuged, and the supernates tested for residual amboceptor 
by serial dilution method. It was found that the cells present in 0.2 ml. of 4 
per cent suspension took up approximately a maximum of 40 units of ambo- 
ceptor. 

The final experiment was then conducted as follows : To each of eleven tubes 
containing 0.2 ml. of 4 per cent suspension of red cells was added 80 units 
(large excess) of amboceptor (0.2 ml. of a 1:12.5 dilution). These mixtures 
were then centrifuged for 15 minutes in the angle centrifuge, and resuspended 
in 0.4 ml. of physiologic saline. To 8 of the tubes was added 0.1 ml. of activated 
papain, and the remaining tubes received, respectively, 0.1 ml. of saline, of 
papain solution which had not been activated, or of cysteine. The mixtures were 
reincubated for an hour at 37° C. and then washed with saline 5 times (to re- 
move the added enzjnne and other substances), and finally the sediments wore 
each resuspended in 0.4 ml. of saline. Part of the tubes (1-4) in which the 
sensitized cells were digested with activated papain were tested for suscepti- 
bility to lysis by various amounts of complement, and part (508) were resensi- 
tized with various amounts of amboceptor and then tested with one unit of 
complement. As controls, the sensitized cells not subjected to papain digestion 
(9-11) were tested with one unit of complement. The results of the entire ex- 
periment are given in Table I. 

This experiment indicates that when the red cells are sensitized to saturation 
with an excess of amboceptoi’, they become resistant to the action of comple- 
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Table I 

Desensitization op Erythrocytes by Digestion of the Antibody With Papain and 
Resensitization by Further Addition of Amboceptor 
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ment upon digestion of the antibody. This is true even when as much as 20 units 
of complement are used to induce hemolysis, indicating the completeness of the 
return to the unsensitized state. These cells can now be resensitized with even 
a minimum amount of amboceptor (1 unit) so that they become susceptible 
to hemolysis by but one unit of complement. 

These results shed no direct light on the mechanism of the action of comple- 
ment on the sensitized red cell. However, they do indicate that there has been 
apparently no permanent change in the cells as a result of the* combination with 
hemolytic antibody as the cells revert to their original state of nonsusceptibility 
to complement upon the removal of the antibody from their surface. 

SUMMARY 

Red cells sensitized with an excess of amboceptor may be rendered com- 
pletely resistant to complement, if the antibody is digested away by means of 
papain. These previously sensitized cells, after digestion by papain, can now 
be resensitized with a minimum of amboceptor. 
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NOTE ON THE “DIGESTION” OF METAL IN THE STOMACH' 


H. Necheles, M.D., Ph.D., and W. H. Olson, Chicago, III. 


1 | 'HE “digestive” power of the stomach for metals has impressed us for a num- 
1 her of years during our experience with metal cannulae of all types used for 
the draining of gastrostomies or of pouches (Pavlov or Heidenhain) in dogs. 
The cannula consisted of a base plate and a tube. The base plate held the can- 
nula in the stomach or pouch, and the tube was protruding to the outside, thus 
draining the stomach or the pouch. The cannulae were made of brass, ordinary 
steel, and stainless steel. They were made either of one piece, or the base plate 
was soldered, screwed, or braised to the tube. Soft, hard, or silver solder was 
used. A number of cannulae had been plated on the inside and outside with 
nickel, gold, or chromium. During periods varying between months and years 
a number of these cannulae dropped out of the stomachs or of the pouches 
because the solder from the base plate had dissolved; hard solder or silver 
braising were affected slower than soft solder, but dissolved nevertheless. IVe, 
therefore, constructed cannulae from one piece of metal in order to be certain 
that the gastric juice could not act on the joint between the plate and the tube. 
These cannulae lasted somewhat longer hut were “digested” away eventually. 
In another number of dogs the base plate had dissolved entirely, or a section 
of the metal tube above the base plate had been “digested.” The metal which 
apparently was destroyed easiest was stainless steel. On inquiry, the manufac- 
turers told us that stainless steel had little resistance to weak mineral acids 
and that we would have been better off if we had used ordinary steel. In a 
number of cannulae a hole was digested through the tube, so that gastric juices 
leaked out around the tube. 

Plating of the cannulae with different metals was not of much value. Ap- 
parently, small cracks or small bubbles which had been formed during the 
plating and which were not visible to the eye led to a diffusion of acid under 
the plating and to the eventual destruction of the cannula. The most resistant 
cannulae were those made of brass, but even they eventually became “digested.” 
Apparently there are individual differences between dogs, because some animals 
might retain their cannulae for many years and in others they might be destroyed 
within a few months. We cannot explain this difference. The acidity in the 
pouches of our dogs was high ; in many of them near the limits of the physio- 
logic capacity of the stomach to secrete acid. In the case of the gastrostomy 
dogs, the acidity was naturally lower, because food, saliva, regurgitation, etc., 
tended to diminish it considerably. However, in these dogs “digestion” of the 
cannulae occurred. 

•From the Department of Gastro-Intestinal Research of Michael Reese Hospital. 

Aided by a grant from the Nelson Morris Research Fund. 
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From the standpoint of the experimentalist it is to be welcomed that 
Wangensteen and his associates have developed a new cannula from plastic 
material. We hope that this cannula will stand up better in prolonged chronic 
experiments than our metal cannulae. We want to bring our experience to the 
knowledge of other workers in this field as a warning, and to the members of 
the medical profession in order to demonstrate how powerful the gastric juice 
is, not only to our ordinary food, but even to strong metal. 



THE ADJUVANT EFFECT OF AEEOSOE UPON THE GERMICIDAL 
ACTION OF CADMIUM CHLORIDE 


Arthur F. Coca, M.D., Pearl River, N. Y. 


T HE limitation of the fungal causes of ringworm to the epidermis and its 
appendages has suggested local treatment of this infection with fungicidal 
agents, and such treatment has been so frequently successful that one could 
be encouraged in the thought that the complete success of the method could be 
accomplished through a study of the several factors that conceivably are con- 
cerned in it. 

In the present study the following pertinent factors have been considered : 

1. The selected fungicidal agent should be one possessing a relatively low 
toxic or irritative property with respect to the cutaneous tissues. 

2. The fungicidal agent should possess a sufficient property of diffusion 
into the cutaneous tissues and into the infective fungi; or if this property of 
diffusion is not sufficient in the agent itself, nonirritative adjuvants of such 
property must be sought. 

3. If such an agent or mixture has been found it must bo applied in a man- 
ner that allows sufficient time for effective penetration of the infected tissues 
and the infective fungi. 

In 1935 the fungicidal property of cadmium chloride was strikingly shown 
when a heavy growth of mold that had resisted an oily antiseptic having a phe- 
nol-coefficient of 11 was entirely destroyed by a single application of a 10 per 
cent aqueous solution of cadmium chloride. 

A one per cent solution of cadmium cldoride in 20 per cent ethyl alcohol 
was then used in the treatment of a scaly eczema of the scalp and auditory 
canals. There was less scaling when the solution was applied daily but the 
eczematous lesions of the scalp were hardly influenced. The solution was not 
irritating. 

When the marked wetting property of sodium dioctyl sulphosuccinate, 
Aerosol OT, became known, it seemed likely that its addition to the alcoholic 
solution of cadmium chloride would favor diffusion through the tissues and pos- 
sibly penetration of the infective microorganisms by the cadmium salt. 

One per cent of aerosol was used and it was found necessaiy to increase 
the concentration of the alcohol to 30 per cent in order to keep the mixture in 
solution. 

The application of this solution daily to the scalp and ears in the above- 
mentioned case soon caused disappearance of the dandruff and healing of the 
eczema. Thereafter, recurrence of the condition could be prevented by applica- 
tions at about three-day intervals. 

Prom the Led file Laboratories, Peat l River, New York. 

Received for publication, Feb. 24. 1944. 
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The same person was affected with recurring ringworm of the forearms and 
feet (athlete’s foot) and these infections were entirely cured and later re- 
currence could he prevented through appropriate use of the alcoholic solution 
of cadmium chloride and aerosol. On one occasion the weekly use of the solution 
on the feet was discontinued for three weeks, after which time the early lesions 
of athlete’s foot suddenly appeared between the second and third toes of the 
right foot accompanied with an intolerable itching. The condition healed in 
about three days after local applications of the solution were begun. 

On the basis of these encouraging preliminary experiences, a number of 
cases of ringworm, affecting chiefly the feet, were treated with almost invariable 
success. Exceptionally resistant were infections of the plantar and palmar skin 
and the fingernail. .Such cases required longer treatment, contact with, the 
solution being maintained for 15 minutes or longer with gauze or cottoivwct 
with the fluid. Clinical details of these cases will be reported elsewhere. 

The first experiments designed to demonstrate the enhancement of the 
fungicidal action of cadmium chloride through the admixture of aerosol were 
carried out in an aqueous medium. The aerosol was used in a 50 per cent solu- 
tion in propylene glycol, which was itself fungicidal. The addition of aerosol 
distinctly, though not markedly, increased the fungicidal action of the cadmium 
salt. When, however, the tests were carried out in a 20 per cent, ethyl alcoholic 
medium the adjuvant action of aerosol was found to be remarkably strong. 
This experiment is illustrated in the table. 

Table I 

Illustrating the experiments that show the adjuvant effect of aerosol upon the germicidal 
action of cadmium chloride. The solutions of cadmium chloride and those of aerosol were 
made in CO per cent ethyl alcohol. 

The percentile figures of the two substances in the mixtures represent the final per- 
centages obtaining after the mixtures were made. A constant quantity of the respective 
emulsified* microorganisms was transferred with bacteriological loop to the sovernl mixtures 
and control fluids and after onc-lmlf hour a loopful of each o[ those was spread over the 
surface of a suitable nutrient agar slant. The slants were incubated at .17’ C. The readings 
for survival were made after 48 hours. ' 


CdCl, (%%) 

Growth after 

CdCL 04%) 

Growth sifter 

in each tube 

4S hours 

in each tube 

•18 hours 

aerosol 

Monilin albicans 

aerosol 

Monilia albicans 

% 


% 


Eo 

none 

Wo 

none 

%s 

none 

Ma 

none 

%4 

none 

%t 

none 

Ess 

none 

W»s 

- 

il’50 

none 

Er.c. 

few 

%12 

i 

%12 

good 

0 

good 

0 

good 

Aerosol alone 

Monilia albicans 



in 20% ethyl 




alcohol 




% 




v> 




% 

O 



■ % 

good 



Vic 

good 




heavy 



♦The well -shaken 

emulsion of Monllia 

albicans was filtered through 

u silk fabric. 



COCA: AEROSOL UPON* OKRMICIDAL ACTION OF CADMIUM CHLORIDE 691 


It is seen that whereas cadmium chloride alone in concentrations of Y2 and 
14 per cent in 20 per cent alcohol was incapable of sterilizing suspensions of 
the microorganisms used in the tests, and whereas aerosol alone in the same 
solvent failed to kill these microorganisms in concentrations of per cent, the 
same two concentrations of cadmium chloride did sterilize the suspension when 
mixed with aerosol in concentrations as weak as Y>r,r, per cent and % 4 per cent 
respectively. 



TREATMENT AND CONTROL OF EPIDERMOPHYTOSIS AND 
BROMIDROSIS IN A STATE SCHOOL WITH CADMIUM 
CHLORIDE-AEROSOL SOLUTION 


0. W. T. Watts, M.D., Thlells, N. Y. 


E PIDERMOPHYTOSIS and bromidrosis are two clinical conditions occur- 
ring in institutions for which many remedies have been prescribed but 
for reasons discussed below few have been found entirely satisfactory. Re- 
cently, however, Lederle Laboratories of Pearl River, N. Y., made available to 
Letchworth Village, for investigational use, a cadmium chloride-aerosol solu- 
tion which they had shown by laboratoiy and clinical tests to be fungicidal and 
antiodorant. This solution was given a clinical trial on 100 institutional cases. 
The results here recorded have shown it to be effective in the treatment and 
control of both epidermophytosis and bromidrosis, and most practical for in- 
stitutional use. 

This clinical trial was conducted among the adult female group at Letch- 
worth Village, a state school under the New York State Department of Mental 
Hygiene, situated at Thiells, N. Y. Epidermophytosis and, to a lesser extent, 
bromidrosis are an ever present medical problem in this institution. These 
women, for the most part young and able-bodied, work during the day in various 
parts of the institution such as the laundry, the kitchens, and the infirmaries. 
Because of the nature of their work and the shoes worn their feet sweat or may 
be wet a good part of the time. Since such conditions favor the growth of the 
infectious fungi, it has not been unusual to find 25 per cent or more of patients 
in a cottage or dormitory afflicted with epidermophytosis of varying degrees of 
severity. 

Prior to the use of the cadmium chloride-aerosol solution, various approved 
methods of treatment for epidermophytosis had been tried without reducing 
materially the incidence of the condition. These included such measures as the 
daily use of foot baths of 1 per cent sodium hypochlorite; daily foot baths of 
1:5000 potassium permanganate solution; daily application of Whitfield’s oint- 
ment U.S.P. full or half strength and in the most severe cases application of 1 
per cent aqueous solution of gentian violet. 

While effective in individual cases, each of these methods has disadvan- 
tages when applied to an institutional group. Foot baths are too time-consum- 
ing, particularly when one attendant has to treat a great number of cases in 
a limited time. Whitfield’s ointment, even when used half strength, may cause 
erythema, burning, and itching in a certain number of cases. Gentian violet 
has been reserved for severe cases, for, while it gives highly satisfactory results 
clinically, it is difficult to remove from the hands, from floor or bed clothing 
and, therefore, is unsatisfactory because of the extra work it causes. 

From Letchworth Village, Thiells, New York. 

Received for publication, Feb. 24, 1944. 
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The eases of epidermophytosis selected for treatment v 
chloride-aerosol solution were of two general types which we 1 
as intertriginous and hypcrkcralotie. The first group (inlortr 
comprised 70 recent eases of mild, moderate, or extreme sen 
mild and moderate eases, the skin between the toes was white i 
with deep fissures occurring frequently. In severe eases, skin 
raw and painful. 

In these eases the feet were bathed daily, after which the sol 
plied freely with a cotton-tipped applicator. In severe cases, the 
confined to hod and treated with wet dressings of boric acid solut 
were able to bear the cadmium chloride-aerosol solution. Trent r 
tinned daily for from two to four weeks, although the itching i 
and the drying effect of the solution observed after a few days. . 
cured under this regime. 

In two instances daily use of the cadmium solution caused r 
itching of the skin. In such cases treatment was discontinues 
iodine ointment was used for a few days. Thereafter, treatment i 
chloride-aerosol solution was given two or three times a week. 

The likelihood of reinfection from patients’ shoes or from 
used by infected individuals was recognized. Since the actus 
of shoes as advocated by Beckman 1 is impractical for us at pre- 
ware sponged with cadmium chloride-aerosol solution and exp*.*? 
during the day. Since those measures arc probably inadequate, 
for prevention of serious recurrence is placed upon the system: i 
spection of the patient’s feet with resumption of treatment 
appear. 
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BROMIDROSIS 

To try the value of cadmium-aerosol solution as a deodorant, sixteen female 
patients who suffered severely from bromidrosis, manifested as odorous under- 
arm perspiration were selected. In all of these eases, even though shaving was 
performed at monthly intervals, the underarm odor was so strong that it would 
pervade a moderately sized room in a few minutes. 

Each patient treated herself daily. After bathing, the solution was ap- 
plied under arm with the finger tips. In all cases the results have been highly 
satisfactory and, where the patient is not doing heavy work, the odor is con- 
trolled completely. No complications have resulted. The solution is non- 
irritating to the skin and does not affect clothing deleteriously. 

Similarly six cases were selected who were afflicted with bromidrosis of the 
feet. Each was put under treatment. The feet were bathed daily after which 
the solution was applied with a cotton-tipped applicator. In all cases the ob- 
jectionable odor was completely controlled. 


Table I 

Summary of Clinical Kesults in 103 Cases With Cadmium Chloride-Aerosol Solution 


DIAGNOSIS 

NO. OF CASES 

CURED 

IMPROVED 

I. Epidermophytosis 

A. Hyperkcratotic 

14 


14 

B. Intertriginous 

1. Slight 

3S 

38 


2. Moderate 

20 

20 


3. Severe 

G 

G 


II. Bromidrosis 

A. Underarm 

12 ' 


Controlled 

12 

B. Feet 

G 


G 

III. Tinea circinata 

1 

1 



The cadmium chloride-aerosol solution submitted to the institution for in- 
vestigational study has been in use for the past seven months. The incidence 
of cases of epidermophytosis during this time lias been reduced markedly. 
Present indications are that we have here a therapeutic agent by means of which 
we can effectively reduce the severity and control the spread of epidermophytosis 
among a group of susceptible patients. Likewise, it is an efficient and convenient 
antiodorant. 



MANUAL AND MECHANICAL RESUSCITATION IN EXPERIMENTAL 

ASPHYXIA 


Bernhard Steinheru, M.D., and Albert Dietz, Ph.D., Toledo, Ohio 


T IIE purpose of Ibis work is to determine the rein five efficiency of manual 
and mechanical resuscitation with the type of instrument employed in our 
experiments. Sufficient reduction of oxygen intake results in severe damage 
to tissues and eventually in death. Complete restriction is fatal within several 
minutes. Conditions in which the body oxygen content is reduced arc referred 
to as anoxia. Occasionally, the term is used interchangeably with that of 
asphyxia. However, the latter designation is applicable to those states which 
are associated with circulatory failure and retention of carbon dioxide. 1 

METHODS AND RESULTS 01* INVESTIGATION 

Asphyxia was produced by placing a tightly fitting rubber mask over the 
face of a dog and closing the open end with a rubber stopper. The animals 
weie under sodium pentohaihital anesthesia. 

In order to study gross changes in lungs and heart, asphyxia was induced 
in some animals by excising the anterior part of the chest wall. This produced 
an equalization of pleural and atmospheric pressures. After variable periods 
of asphyxia, resuscitation was administered cither manually or mechanically 
with the McKesson resuseitator. 

During the experiments, blood pressure tracings were obtained by means 
of a mercury manometer connected to the femoral artery. Respiratory activity 
was recorded by placing an inflated rubber tube over the chest and abdomen 
and connecting it to a tambour. In many instances bronchial respirations were 
obtained by connecting the tambour to the mask through the medium of a 
metal tube. Blood was drawn for quantitative analysis of oxygen and carbon 
dioxide from the femoral or carotid artery. Blood was drawn under oil. The 
analyses were made by the method of Van Slyke and Neill. 2 

To study the effects of resuscitation in carbon monoxide anoxia, the gas 
was administered to animals by a spirometer (with soda lime) which was filled 
with a mixture of 500 e.c. of carbon monoxide and four liters of oxygen. Carbon 
monoxide was obtained by the interaction of sulfuric and formic acids. The 
animals were allowed to breathe the mixture When maximum respiratory ef- 
fects were obtained, treatment was begun. This study was done to determine 
the rapidity of displacement of carbon monoxide by oxygen under various 
methods of resuscitation. Carbon monoxide analyses were done by the modified 
method of Van Slykc and Neill 3 on blood drawn from the femoral artery. 

Asphyxia was produced by closing the open end of the mask and after vary- 
ing intervals of complete cessation of respiratory movements, manual artificial 


Fiom tin' Toledo Hospital Institute of Medical Ko«vaicli. Toledo. Ohio. 
Iteceivcd for publication, Feb 28, 10-1 I. 
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respiration was applied on four dogs in seven instances (Table I). Quantitative 
analyses for oxygen and carbon dioxide in arterial blood were made at regular 
intervals during the asphyxial and recovery periods and correlated with blood 
pressure and respiratory movements. 


Table I 


Asphyxia Followed by Manual Artificial Respiration 


NO. OF 
EXPERIMENT 

TOTAL EXCLUSION 

OF AIR FOR 

cessation of respiratory 

MOVEMENTS FOR 


MINUTES 

SEC ONUS 
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3 
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(i 

6 
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4G 

Survived 

7 

0 
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23 
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Oxygen was quickly depleted from the arterial blood. The gas reached the 
low content of 0.17 to 1.41 volume per cent in 2 to 7.3 minutes of asphyxia. 
The total oxygen loss varied from S3.5 to 98 per cent of the preasphyxial level. 
The carbon dioxide gain was from 3.7 to 10.1 volume per cent. The total in- 
crease of carbon dioxide from the preasphyxial level varied from 6.5 to 25 per 
cent. These variations were due probably to the degree of narcosis, hemo- 
globin content, acid-base balance, etc. In less than two minutes after manual 
resuscitation was started, the oxygen content of the arterial blood reached the 
preasphyxial level. The carbon dioxide decreased below the preasphyxial con- 
tent. 


In instances of recovery, the blood pressure rose fairly quickly, in 18 to 34 


seconds after 

artificial respiration was 

begun. In some eases when manual 
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II 
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♦Animals died. All others survived. 



KTKIN'HKKU AND DIETZ : MANUAL AND MECHANICAL If KSU8C IT ATI 0 N bU< 

resuscitation was too brief for the degree of asphyxia, t ho blood pressure, after 
an initial rise, fell again. Subsequent manual resuscitation resulted in smaller 
blood pressure elevations. 

Asphyxia was produced eighteen times in eleven dogs in one series of ex- 
periments. After variable periods in which complete cessation of respiratory 
movements was obtained, artificial respiration with the mechanical resuscitator 
delivering oxygen was instituted (Table II). Quantitative analyses for oxygen 
and carbon dioxide of arterial blood and records of blood pressure and re- 
spiratory movements were obtained. 





MANUAL RESUSCITATION * MECHANICAL RESUSC 
STARTED -i /&— STARTED j— 

, 11 7X4 II 


Fig.l — a, Example of oxygen and carbon dioxide content in the arterial blood during 
asphyxia and after artificial respiration bj a mechanical resuscitator. Note the rapid rise of 

oxygen to le\el p ‘ 41 -- *— t*- 1 r>»-t. on dioxide dropped to a level below pre- 

aspliyxial. The a ■ . oxygen and carbon dioxide content in the 

arterial blood du * ■ artificial respiration. The animal died. 

Note the consider! • ■ ■ “asphyxial levels as compared with animal 

given mechanical * ■ ■ . . which the animal survived. 


The loss of oxygen and gain in carbon dioxide during the asphyxial periods 
was essentially similar to that described in the experiments on manual resuscita- 
tion. In the stage of recovery, the return of oxygen was more rapid and it 
reached a higher concentration than in the prcasphyxinl period. The acemnu- 
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luted carbon dioxide, after resuscitation had been begun, was lost rapidly. 
The restitution to preasphyxial levels was within the space of a minute. 
(Fig. 1.) 

The maximum blood pressure was reached in surviving animals in from 
IS to 105 seconds after resuscitation was begun. The pressure leveled off in 
the course of a few minutes. The respiratory movements returned to approx- 
imately preasphyxial type within the same period. 

At no time during the life of any of the animals, did air or resuscitating 
gas till the stomach. The organ became distended only when death occurred. 

The next series of experiments was performed on seven dogs to obtain a 
comparison of three methods of removal of carbon monoxide: inhalation of 
air, inhalation of five per cent earbogen and resuscitation with oxygen. Carbon 
monoxide was removed most, rapidly by inhalation of earbogen. Resuscitation 
with oxygen was almost as efficient. Inhalation of air lagged considerably be- 
hind the other methods. (Fig. 2.) 



Fig. 2 . — Determination of carbon monoxide in the arterial blood following treatment b5 
inhalation of air. inhalation of earbogen, and resuscitation with oxygen. Note the greater 
efficiency of the latter two procedures. 

The McKesson resuseitator and inhalator employed for artificial breathing in 
our experiments is of the following construction. The machine operates by 
virtue of compressed gas in the cylinder. The gas pressure in the cylinder in 
the case of oxygen is reduced to 50 pounds per square inch from a possible max- 
imum of 2,000. Mechanical inhalation and expiration is accomplished by the 
action of gas under the reduced pressure on a piston which operates a bellows. 
The gas used to operate the piston is also delivered to the patient. The -Mc- 
Kesson machine differs from other similar devices in the following : the volumes 
of gas delivered in inspiration and removed at expiration are fixed; a part of 
tlic expired air is reused; the balance of that air escapes through an escape 
valve which may be set at varying pressures; an additional fixed safety valve is 
provided for escape of the air. As a consequence of this mechanism, the lungs 
are never completely depleted of residual air. There are three controls. One 
valve controls the rate of resuscitation. Another regulates the volume of gas 
introduced and withdrawn from the lungs. The third valve controls the pres- 


srr.ixnimc axd mtrrx 


sit vni, a .vii mkcii ink’.Uj KuscTwirmoy GIW 


sure oi 1 lie gas delivered in the patient (Fiji. II). There is also an inhalation 
device which allows the patient to inhale any volume of gas he desires up to 130 
liters per minute. 

In order to study the effects of the rosuseitator, artificial respiration with 
the machine was administered to seven dogs under sodium pentobarbital an- 
esthesia for periods varying from one to eight liours. Two of the animals were 
killed for the study of anatomic changes. One animal had been given artificial 
respiration for three hours and was killed immediately afterward. The other 
dog was given artificial respiration for six hours and killed twenty-four hours 
later. Gross examination of the organs revealed no abnormalities. Histologic 
study of the organs showed no abnormal changes outside of a mild hyperemia. 

Analyses for oxygen and carbon dioxide of the arterial blood were done 
at regular intervals during the period of artificial respiration. The oxygen con- 
tent showed an initial increase within the first five minutes, which varied from 
3.2 to 6 volume per cent. The gas content in the arterial blood during the rest 
of the experiment continued more or less at tin's increased level. 



A B 

K iff. 3. — A fchPmatlc iliumne of flic McICcon iesu«ciUtor iltMce. A indicates pas flow ilm-inK 
patient’s expiration. H, c as How during patient's inspiration. 

The carbon dioxide content of the arterial blood was decreased during 
tlie first 5 to 15 minutes of artificial respiration. The decrease varied from 
1 to 5.5 volume per cent. The carbon dioxide content varied during the ex- 
periment from the preresuscitation level to that in the first several minutes. 
Since the rosuseitator allows the rebreatliing of part of the expired carbon di- 
oxide, it would appear that the gas would ho elevated in the blood. However, 
that was not true. It was apparent that the physiologic regulation limited the 
gas content. The rebreathing of part of tiie expired air takes the place of car- 
bogen administration. 


DISCUSSION AND SUMMARY 

Acute asphyxia is a relatively rapid state which extends over a period which 
seldom exceeds fifteen minutes and which terminates in death. 

Oxygen and carbon dioxide exchange constitutes the essential factor in 
these experiments. Within two to four minutes of acute asphyxia, the blood 
becomes almost completely devoid of oxygen. To insure recovery of the animal 
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in aculc asphyxia, the oxygen must ho restored with a rapidity comparable (o 
its loss. Accumulation of carbon dioxide is simultaneous with loss of oxygen. 

Methods in treatment of various degrees of asphyxia or anoxia may he 
classified into spontaneous and artificial. The former method presupposes the 
presence of adecpiate voluntary respiratory movements. The spontaneous 
method may be further subdivided into inhalation of air or oxygen or oxygen 
and carbon dioxide mixtures from an appropriate apparatus. The artificial 
method may be divided into manual resuscitation by various procedures such 
as Schaefer, Silvester, etc., and mechanical by several current devices. Since 
recovery of the animals was not attempted until all respiratory movements had 
ceased, the spontaneous method played no part in our asphyxial experiments. 

Artificial manual resuscitation was performed on a number of animals. 
Recovery was obtained in a fairly large percentage. Recovery, however, was 
possible only when the duration of asphyxia was relatively short. The return of 
oxygen content of arterial blood was relatively slow. In some instances, death 
occurred after recovery from acute asphyxia with the oxygen content of the 
blood at normal preasphvxial level. It is believed that the cause of death was 
largely due to the sluggish return of oxygen and production of irreversible 
tissue damage. Artificial respiration with a mechanical device was responsible 
for a greater number of survivals. Survival was achieved after a relatively 
long period of asphyxia. Return of oxygen content to greater than preasphyxial 
levels was instantaneous. 

In recovered animals, normal breathing and circulation was established 
after a relatively brief period of artificial respiration by either method. With 
the particular device employed in our experiments, there is a partial rebreath- 
ing of the expired carbon dioxide. This serves to add carbon dioxide to the 
resuscitating pure oxygen. There was no abnormal accumulation of carbon 
dioxide in the arterial blood nor were any disturbing physiologic effects noted. 
Mechanical devices have received condemnation from some investigators 4 ’ 5 and 
warm support from others. 0-9 In our opinion, each method has its value de- 
pending upon conditions which call for their employment. When a mechanical 
device is not available, obviously the manual method must be utilized. On the 
other hand, availability of a tested mechanical device justifies its use. It is 
felt, however, that an intimate knowledge of the particular method and device 
is essential for its most effective use. In these experiments, no damage directly 
to the lung tissue or indirectly to other organs or tissues was observed even 
under exaggerated prolonged period of mechanical resuscitation. 

CONCLUSIONS 

1. Resuscitation with high percentage of oxygen administered in acute 
asphyxia by a mechanical device used in our experiments resulted in a more 
rapid return of oxygen content in the arterial blood than in manual resuscita- 
tion. 

2. Prolonged resuscitation with the mechanical device did not produce 
abnormal functional or tissue changes in animals. 

3. Inhalation of carbon dioxide and oxygen or resuscitation with oxygen 
and rebreathing of expired air with the mechanical device resulted in a rapid 
elimination of carbon monoxide. 
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4. Mechanical resuscitation in acute asphyxia with the device employed in 
our experiments is a more efficient procedure than manual resuscitation. 
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BOTULISM FROM HOME-CANNED BEETS 


Betty L. Hall,* Los Angeles, Calif. 


W ITHIN the last three months, there have been brought to- the attention 
of the Los Angeles City Health Department, two outbreaks of botulism 
caused by eating home-canned beets. 

The case reported herein occurred around Jan. 6, 1944, and the investiga- 
tion was made by Mr. R. S. Plunkett, R. S., of this department. 

As the history of the cases, methods of canning of the beets, their subsequent 
handling, and the laboratory findings were in accord, we considered the case 
worthy of a detailed report. 

On Jan. 6, 1944, Mi's. S., during the process of concocting some “borscht,” 
removed seven whole beets and a pint of the red beet juice, from a jar of home- 
canned beets, and, after proper preparation and manipulation, this mixture was 
added to the other ingredients to complete the above “delicacy.” The same 
day, about 6 p.m. Mrs. S., and her two grandchildren, aged 11 and 7 years, par- 
took of this “borscht.” 

The following day, the 7-year-old child returned from school at noon com- 
plaining of terrific vomiting and retching and, as her grandmother described 
her, “with her eyes almost popped out.” She was taken to the hospital and 
succumbed the following day with symptoms typical of botulism. The other 
child, aged 11, also returned from school the same day as the first, about 3 p.m., 
with similar symptoms ; she was sent to the hospital and also died the following 
day. The grandmother was stricken about 6 p.m. with dizziness, violent vomit- 
ing, and blurred vision. She was sent to the hospital, given 15,000 units of 
botulinus antitoxin and eventually recovered. 

Specimens of the beets and some of the borscht was submitted to the labora- 
tory for examination. Animal inoculations, controlled with botulinus antitoxin 
A and B, showed that the beets and likewise the borscht, contained type A 
botulinus toxin. Anaerobic cultures were also made from the beets in order to 
isolate the causative organism. The beets showed a reaction of pH 6.9 which is 
practically neutral. 

In describing the method used in canning the beets, Mrs. S. stated that she 
had first boiled the beets a few minutes until the skins would peel easily, then 
reboiled them and put them into the washed half gallon syrup container jars. 
From the fact that the label was still intact and in good condition on the jar, 
when received in the laboratory, it was assumed that very little washing and no 
sterilization was attempted on this container. The amount of cooking described 
for the beets was patently not sufficient to kill the botulinus spores that must 
have been present. 

Too much stress cannot be laid on the necessity of thoroughly sterilizing all 
food and containers if attempting to do home canning. The above tragedy is 
just another example of the danger in the handling of home-canned products. 

'Bacteriologist. Los Angeles City Health Department 
Received for publication, Feb. 9, 1944. 
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THE WATERHOUSE-FRIDERICHSEN SYNDROME 


Rki'okt or a Cvsk Terminatixo ix Kkcoverv 


Lt. Col. Harold W. Potter, M.C. 
1st Lt. Lewis H. Broxstein, M.C 


T HERE arc numerous case reports ol tlie Waterhouse-Friderichsen syndrome 
in tlie literature, particularly that dealing with pediatrics. Since the 
septicemia in the greatest majority of cases is due to the meningococcus, it is 
to bo expected that, in the future, more cases will be reported in the adult popu- 
lation because of the increased incidence of this infection at present. Death has 
occurred in practically all the cases that have been reported to date. The 
picture is usually that of an individual who becomes acutely ill with a very 
high temperature and no physical findings. In a few bouts, a marked purpuric 
eruption is noticed and within 24 to 48 hours, death occurs. Where cultures 
arc taken, the meningococcus organism is the usual one that is recovered. 
Autopsy reveals hemorrhages into tlie adrenals its the outstanding finding. The 
fatal termination is blamed' on the acute adrenal insufficiency that occurs with 
such hemorrhages because the terminal picture is that of circulatory collapse. 

Before the days of the sulfonamides, there was little hope of saving such 
cases, even if the diagnosis were entertained because serum and antitoxin did not 
clear the body of the meningococci quickly enough to stop the overwhelming 
infection. The meningococci are so susceptible to the action of sulfonamides, 
however, that this possibility exists today. In addition, the availability of 
adrenal cortical extracts and plasma gives one the means of tiding a patient 
over the period of adrenal damage until sufficient sulfonamides are administered 
to clear the body of the organism. 

In November, 1942, a soldier was admitted to the Station Hospital com- 
plaining of headache and fever of one day’s duration. He bad a sparse pur- 
puric eruption on bis body, a moderately rigid neck, and. positive Kernig and 
Brudzinski signs. His temperature was 104°, pulse 120, respirations 30, and 
blood pressure 118/76. A spinal tap revealed a cloudy fluid which bad 61 cells, 
98 per cent of which were polymorphonuclear leucocytes. A few extracellular 
gram-negative diploeoeei were seen on smear. Meningococci were grown from 
this fluid and from the blood. 

He was immediately given 6 Gni. of sulfadiazine by mouth followed by 1 
Gin. every four bom's. For the next twelve hours, until 10 :00 r.M., be appeared 
to be doing well, with the temperature dropping. That evening, be seemed to 
bo weak and it was noticed that although bis temperature continued to drop bis 
pulse and respirations were increasing. In addition, be was slightly cyanotic. 
Tlie drug was continued and be seemed to hold bis own during tlie night, though 
he did appear quite sick. About 6 a.m., iie suddenly collapsed, with harsh 

Recened for publication, Jan 29, 1944. 
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breathing, shallow respirations, and a rapid and thready pulse. The Officer of 
the Day who had followed him throughout the night stated that the death was 
in the nature of a collapse rather than a toxic death. 

An autopsy was performed several hours later. This showed the charac- 
teristic central nervous system changes associated with meningitis. There were 
petechial hemorrhages in the serous membranes and the skin. The lungs and 
the spleen were markedly congested. The kidneys showed changes of an acute 
glomerulonephritis and bilateral hemorrhagic necrosis. Both adrenal glands had 
large areas of hemorrhage in the cortices. Postmortem culture of the spinal 
fluid resulted in the growth of meningococci. No organisms were grown out of 
the heart blood. 

Although many pathologic findings were seen on autopsy, it was felt that 
the marked adrenal destruction was responsible for his death. Since this was the 
first death we had had until then from meningococeic infection and, incidentally, 
the only one until now, though wc have seen more than SO cases of this disease, 
we decided to be ready for any subsequent similar case. In preparation for 
this, we kept adrenal cortex extract on hand and planned to use plasma and 
sulfonamides in conjunction with this in the next ease that seemed to be a 
candidate for this complication. It was realized that all the medications would 
have to be administered very early in the course of the disease because the above 
autopsy showed the numerous pathologic changes that took place in a rela- 
tively short time. 

The following case report is that of a soldier who was admitted to the hos- 
pital four months later with a meningococeic septicemia. He was treated with 
all the agents mentioned above and recovered after a short and stormy course. 

CASE REPORT 

This soldier was admitted to the Station Hospital on March 25, 1943, in a confused 
mental state so that adequate history could not be obtained at that time. He was quite 
drowsy but could be aroused to perform simple commands, to swallow tablets and fluids. He 
was evidently acutely ill with a temperature of 103", pulse of 100, and respirations of 20. 

Three days after admission, the following history was obtained from him. He went 
to bed on March 24, the evening before admission to the hospital, feeling perfectly well. 
About midnight he had a chill which lasted for several hours. His mouth felt very dry. 
He was able to fall asleep later and then awoke, feeling very dizzy and extremely weak. A 
severe headache had developed. This rapidly became worse and he reported for sick call. He 
had only the vaguest memory of events from that time until about 30 hours after admission. 

Physical examination on admission revealed the following pertinent findings. The en- 
tire neck, upper chest, and all extremities, particularly the distal portions, were covered with 
purpuric lesions of all sizes. There were some lesions on the conjuuctivae, which were in- 
jected. The throat was mildly liyperemic. There was no nuchal rigidity. The blood pres- 
sure was 60/40. The spleen was not felt. The Kernig sign was present to a slight degree. 

It was felt that he had a fulminating meningococcus infection because sporadic cases 
had been occurring on the post during that time and because many cases were reported in 
Baltimore, which was his home. In addition, the rash was similar to that seen in previous 
cases of meningococcus infection. A blood culture was taken and a spinal tap was done. The ' 
fluid was clear and contained two cells, both of which were lymphocytes. The sugar content 
was 77 mg. per cent. Ho globulin was detected. Smear of the fluid did not reveal any 
organisms and none were grown out. The white blood cell count was 11,050 with 2 myelo- 
cytes, 22 juvenile granulocytes, 30 “stab” forms, and 39 segmented granulocytes. There 
were 5 lymphocytes and 2 mononuclear cells. The urine was positive for albumin and had 
an abundance of granular casts. 
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He was given 4 Gin. of sulfadiazine intravenously at 1:30 P.M, and 2 Om. orally at 
2:15, G:00, and 10:00 P.M. Because lie had an emesis of 500 c.e. of fluid shoitly after the 
10 P.M. dose, Jic was given 2 Om. intravenously at 3:30 A.M. of March 20. Following this, lie 
received 1 Gm. sulfadiazine orally every four houis. The blood sulfadiazine level at 7 a, at. 
of March 20, was 17.5 mg. per cent. The level on the morning of March 27, was 18.8 mg 
per cent. 


GofiPOJrrc Graphic Chart or Cubical Recoup- UWcRHousc-FmormcHarN 
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He took fluids well by mouth, except for the emesis mentioned above, so that the only 
fluids given intravenously weie those contained in the plasma. The chart shows the amount 
of plasma which he received. This plasma is stored in 5 per cent glucose solution. The chart 
also shows the amount of adrenal cortex material given, as well as the time of administra- 
tion, in relation to the other findings, 
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Between the time of admission aiul 1 a.m. of Hatch 20, he had not voided, and only 
5 c.c. of urine were removed from the bladder by catheterization. At 4 A.M., he was given 
50 c.c. of 50 per cent glucose after hot loin packs had failed to cause further voiding. At 
4:30 A.M., he passed 150 e.c. of urine. The chart records the intake and output for the 
preceding hours. 

Chemical analysis of the blood was done at 8 a.m. on March 2(5 and showed nonprotein 
nitrogen 75, creatinine 2.(5, sugar 93, and chlorides 388 mg. per cent. Examination at this 
time showed minimal nuchal rigidity, no change in the Ivernig sign, and no new purpuric 
spots. The laboratory reported that a gram-negative diplocoecus was growing in the blood 
culture. This was later shown to be a Group I meningococcus. 

The blood chemistry determinations were repeated at 3 r.M. and showed nonprotein 
nitrogen 60.7, creatinine 2.4, sugar 137, and chlorides 370. He appeared mentally clear 
and looked to be in much better condition even though the blood pressure was low. In order 
to play safe, more plasma and adrenal cortical extract and synthetic desoxycorticosterone 
were given, as shown on the chart. In addition, he was given one salt tablet (2.25 gm.) every 
four hours as tolerated. He did not take many of these tablets because he became nauseated 
and they were discontinued after 24 hours. The blood chemistry performed on March 29 re- 
vealed the nonprotein nitrogen to be 3S, the creatinine 1.5, the sugar 110, and the chlorides 
396 mg. per cent. 

The urinalysis showed normal findings on March 29 and lemained normal throughout 
his stay in the hospital, although a trace of albumin was found on one occasion while he 
was still taking sulfadiazine. The white blood cel! count returned to normal limits on 
March 31. 

His condition gradually improved with a slow rise in blood pressure, which reached 
118/SO on April 19, three weeks after the onset of his illness. This level was maintained 
throughout the convalescent period. The purpuric eruption had completely disappeared by 
March 30, but a bilateral conjunctivitis was noticed on that day. This cleared in 6 days 
with local therapy. It is to be noted that he was still receiving sulfadiazine during the de- 
velopment of the conjunctivitis. He received a total of 09 Gm. of sulfadiazine during his stay 
in the hospital. 

On June 24, three months after the onset of his illness, the efficiency of his adrenal 
cortex was tested by means of the Cutler, Powers, Wilder test. Clinically' there was no 
evidence of any insufficiency' of this organ. The urine volume was 1295 c.c., the total chlorides 
was 121.4 mg. per cent. This is within the range of normal efficiency. 


DISCUSSION 

This ease differs somewhat from the case which ended fatally. The soldier 
who died had a definite meningitis, with organisms recovered from the spinal 
fluid, as well as the blood. The sulfadiazine which he had received was appar- 
ently sufficient to sterilize the blood, but not the spinal fluid because postmortem 
cultures were negative for the heart blood but were positive for the fluid. His 
condition on admission, however, was apparently better than that of the second 
patient. This latter patient had much more purpura and a low blood pressure. 
In addition, lie was more toxic as evidenced by the cerebral changes. The first 
man did not appear to be sicker than the average patient with meningitis that 
we have seen at this post. The second soldier had only a septicemia with the 
organism. His spinal fluid cytology and chemistry were normal and no or- 
ganisms could be grown from it. 

It is a matter of conjecture to discuss the amount of pathology in the 
adrenals that could have been present in the soldier who recovered. It must 
he assumed that he had more than mere edema of the gland on admission he- 
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cause of several factors. Tlic blood nonprotein nitrogen was elevated. Despite 
the fact that he had received 50 Dm. of glucose intravenously during the pre- 
ceding ten hours mid had had practically no urinary output, the blood sugar 
level was only 93 mg. per cent. The blood pressure rose very slowly to his 
normal level. In some of the reports of meningococcus infection in the literature 
in which the patient is acutely ill with a low pressure, this value has returned 
to normal within one to two days. The slow rise in pressure cannot be at- 
tributed to his bed rest since he was in bed all the time that this rather steady 
rise was recorded. Ilis pressure after he was up and about merely showed some 
fluctuations from his apparent normal of 118/80. The chloride determination 
does not help too much since the determination of the end point is not too defi- 
nite and the change in the various determinations that were made did not cor- 
respond with the improvement noted in all the other findings. Unfortunately, 
wo were not equipped to determine the sodium content of the blood. 

For the first few weeks after he was allowed to lie up and about, be com- 
plained of fatigability which could be attributed to his severe illness and his 
prolonged bed rest. Ilis particular type of infection did not seem to be re- 
sponsible for this. It was felt that it would be too risky to attempt to measure 
adrenal cortical function too early in bis convalescence. This test was therefore 
done several days before he was discharged 1o duty. As is noted above, his re- 
sponse was normal and we must assume that, as far as could be determined, he 
had restitution of his cortical function 

AVc did not have too much adrenal cortex extract or desoxycorticosterone at 
hand to give the massive doses that are advocated for patients with acute cortical 
insufficiency. We tried, however, to use the material at hand as judiciously as 
possible. AYe always kept in mind the fact that lie might not have too poor an 
adrenal function and that mc would throw him into a water intoxication syn- 
drome. Since plasma was readily available, we placed more reliance on that 
substance and gave him a fairly good amount of it. In addition, his fluid in- 
take by mouth seemed to he quite adequate. It was our impression, during our 
vigil that he obtained more benefit from the plasma than from the adrenal 
cortex material. We have no more evidence, however, than mere impicssion. 

A study of the chart shows the very definite trend toward improvement in 
all his reactions. The temperature dropped gradually, as did also the pulse 
rate. The respirations became slower The systolic and diastolic pressures rose 
with an increase in the pulse pressure. Although he had a very low urinary 
output during the first eighteen hours, this soon corrected itself. It is impos- 
sible to be definite about the role played by the intravenous glucose in starting 
his kidnej’ function. It could as easily have been fortuitous or due to his 
general improvement. 

It is our feeling that his recovery can also be attributed to the prompt 
recognition of the possibility of this diagnosis. The dispensary medical officer 
who first saw him recognized the possibility of a meningococcus infection and 
he was transferred to the hospital and directly to the contagious disease service 
within a very short time after he was fhsl seen. The usual delays that occur 
when a patient has to be transferred from ward to ward were eliminated. 
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CONCLUSION 

A wise of meningococcus septicemia that had all the characteristics of a 
Waterhouse-Friderichsen syndrome is presented. This patient recovered. We 
feel his recovery was due to the use of plasma and adrenal cortex (both as ex- 
tract and as desoxyeortieosl crone) to tide him over the period of adrenal insult; 
also to the use of sulfadiazine, and to the prompt recognition of the possibility 
of the diagnosis and the immediate institution of treatment. 



CLINICAL CHEMISTRY 


THERAPY OF MIGRAINE BY ELECTROLYTES AFFECTING THE 
BLOOD VOLUME 


Cam. Pfeiffer, Ph.I)., M.I).,* Robert H. Drkisbach, Ph.D., M.D., and 
Charms ('. Roby, Pii.D.t 

H YPERTONIC solutions of various crystalloids 1 have been ailvoeated in the 
treatment of migraine probably on the theory that the headache was caused 
by cerebral edema. Large and continuous oral doses of calcium salts 5 -* have 
also been advocated on the finding that some patients are benefited by this regime. 
Recently Grconhill and Freed 1 has used ammonium chloride to induce diuresis 
and thus prevent the syndrome of premenstrual distress which is characterized 
by edema, restlessness, and headache. The therapeutic regime for headache 
advocated by < Joldzieher" involves the same therapeutic principle, namely, the 
mobilization of extracellular fluid. 

Previous observations’ have shown that migraine, menstrual migraine, and 
relaxation headache are associated with a relative decrease in the effective ar- 
terial blood volume. The purpose of this study was therefore to find an 
electrolyte or combination of electrolytes which would produce a temporary in- 
crease in blood volume. 

Extensive studies on diuresis and water balance in dogs and rats’ indicated 
that while both calcium and potassium were diuretic if given alone, when given 
together diuresis did not occur. The diuretic qualities were completely sup- 
pressed when they were administered in the proportion of 3 mols of potassium 
to one of calcium; a ratio which is approximately the same its that Found in 
the Mood plasma for these two ions. It was then shown that along with the 
suppression of diuresis an increase in the blood volume took place when a com- 
bination of these ions was given and that the increase was greater titan when 
an equivalent amount of sodium salts were given. This combination of 3K-lCa 
was then tried clinically in migraine. 

EXPERIMENTAL 

The hematocrit, as determined with Van Allen tubes using heparin as the 
anticoagulant, was used along with simultaneous serum protein determinations 
as an index of changes in the plasma volume. The serum proteins were de- 
termined gravimetrical!}- after acetone precipitation. The effect of intravenous 

From the departments of Fhai oncology of \V.i> no University nnd the University of 
Chicago Medical Schools. 
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and oral Ca-K mixtures (Calcium lactate + KC1, CaClc - KC1) on these two 
factors was compared with that of equi-molar mixtures of sodium salts (NaCl, 
Na citrate). (Tabic I and II.) The intravenous injection of the potassium 
mixture was carried out slowly and with care because of the pain of injection 
and the danger of cardiac depression. 

Table I 

Comparison op the Hemodilutiox Obtained by 3K-1Ca Mixtures With the Na Salt Ef- 
fect. After Control Sample the Mixtures Were Injected Slowly. The 
Second Sample Was Taken 20 to 30 Minutes Later 
(Aye. 20 Min.) 




j CONTROL | 

| 26 MIN. 



PHOT. 

oar. % 

HEM. 

7c 

PHOT. 

GM. 7c 

ITEM. 

% 

Menu of 17 subjects 
CaCl. — 0.6% 

KC1 — 1.5% 

Moan of 6 subjects 

10 c.e. I.Y. 

GO 

4- 

45.0 

7.69 

45.5 

NaCl — 2.0% 

10 c.o. I.V. 

7.7S 

47.5 

8.04 

4 t \7 


Table II 

Samples Were Taken at 30, 00, and 120 Minutes After the Oral Lose 



CONTROL 
PROT. HEM. 

GM. 7c 7c 

■ 

fassSHaynl 

60 MIX. 
PROT. HEM. 

GM. % % 


Mean of 

S subjects 2.0 Gm. orally 
Ca Lactate-KCl Mixture 
Mean of 

5 subjects 2.0 Gm. 

Na Salts Orally 

S.54 4S.2 

7.92 48.5 

8.12 47.8 

7.95 47.8 

7.92 47.1 

7.94 47.9 

7.85 47.1 

7.S6 47.9 


The data indicated regularly a greater hcmodiluting effect with K-Ca com- 
binations than could he accounted for by the control NaCl salt effect. It was 
then decided to try this therapy on an extensive scale in migraine. Accordingly, 
a questionnaire was prepared covering the salient points in the diagnosis of the 
syndrome, the concomitant symptoms, and important predisposing factors. 
This study was started in December, 1939, and over 200 patients have now been 
treated. Adequate histories and follow-up records were obtained on 150 of 
these 200 eases. The data are analyzed and presented for their value as a 
statistical study of the migraine syndrome itself as well as an evaluation of the 
electrolyte therapy employed. 


RESULTS 

The symptoms of diagnostic importance are summarized in Table 111. 
While the familial history of migraine is about equal in both sexes, it is of in- 
terest that the incidence of visual symptoms is significantly areal cr in the male 
than in the female. That the incidence of gastric disturbance is greater than 
the incidence of visual symptoms was also noted hv Yon Storch.® He found 
also that the ratio of male to female patients is about 1 to 3. In our series it is 
1 to 2.S 
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Table III 

OrrrRRKxc'K ok .Symptoms ok Diagnostic Importance 



FEMALE PATIENTS 110 

Male patients 40 

J. Familial hMorv 

72 

65% 

2r, 

05% 


2. Visual symptoms* 

.*!(> 

33% 

22 

55% 


a. Nausea ami emesis 

S7 

79% 

28 

70% 


4. Horn! crania 

41 

37% 

17 

J2% 



•Se\cic pliutuphobi.i included. 


Data on minor factors in the migraine syndrome were obtained by direct 
questioning. The questions with the percentage of positive answers were as 
follows: Does excitement or nervous fatigue produce headache? (66%) Does 
going too long without food cause headache? (53%) Does relaxation (such as 
sleeping late) cause headache? (150%) Any increase in urine flow before or 
during headache? (33%) Any chocolate intolerance? (27 Vr) Any carbo- 
hydrate intolerance? (10%) Does lack of customary coffee cause headache? 
(19%) Do attacks occur only at menstruation ? (25% of females) Other ques- 
tions regarding bulimia or irritability preceding the headache were also asked. 
Many patients volunteered answers, but they were not sufficiently concise to 
warrant tabulation and analysis. Seventeen out of eighteen of the patients 
who had become pregnant were free of headache during the second and third 
trimesters. Of these 17 patients several described a gradual return of their 
migraine in the postpartum months, while the majority had a return of their 
symptoms within one month. Two had severe migraine headaches several days 
postpartum. One patient was temporarily relieved by the development of thy- 
rotoxicosis, one by catarrhal jaundice, and one by fever therapy. The results 
of therapy are tabulated in Table IV. 


Table IV 

Duration or Migraine i.v Relation to Therapeutic Results 


THERAPEUTIC RESULTS 

A 

B 

c 

1> 

Female (HO) 

Average ycais’ duration 

22. 21% 

14 

4(5 42% 

21 

:S0 27% 

20 

11 10% 

19 

Male (40) 

Average years- ’ duration 

i» :i2% 

20 

Hi .52% 

12.5 

10 25% 

IS 

4 10% 

21 

Male and Female (150) 

.hi p itionts 
24% 

50 patients 
»»% 

40 patient}- 1 
27% 

15 patient}. 
10% 


A = Complete lclief of migraine headaches. 

B = Occasional headaches which now respond to acetyl salicylic acid. 

G = Some effect but still require ergotamine tartrate therapy. 

D = Therapy not effective. 

The patients were treated by administration of the following formula: 

Calcium lactate 308 Cm. =•- 1 Mol. cqui. 

Potassium chloride 225 Gin. — 3 Mol. equi. 

These ingredients were mixed thoroughly in a mortar and packed into No. 0 
capsules. When hand packed the capsule content was approximately gr. x 
(0.650 mg.). All of the patients were observed for a period of at least three 
months, and many of them have been observed for more than two years. 
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The most effective regime of therapy was found to lie a gradual increase 
in dosage from gr. x of the mixture the first day to gr. xxx daily of the mixture 
at the end of one week. At the end of one month the patients were instructed 
to take only gr. x daily and to increase the dose by gr. xx every hour at the 
first sign of an impending headache. An increased, colorless urine flow was 
frequently found to precede the scotomata as a first sign of headache. It should 
be noted that the patients had well-established migraine histories and that 
success of the therapy was independent of the number of years the patients had 
had the disorder. As is usual in any salt therapy, relapses were sometimes en- 
countered if the patient took large doses of the mixture over a period of several 
months. These were avoided by decreasing the dosage to a bare minimum at 
the end of one month. That these relapses were not due to the initial success 
which frequently accompanied any new medication was shown by the facts that: 
(1) substitution of NaCl and calcium lactate placebo capsules for the Ca-K 
mixture resulted in marked diminution in the therapeutic effect, and (2) a ces- 
sation of therapy precipitated attacks in many individuals and a return to the 
medication was again attended by at least a month’s success. 

Table Y 


Therapeutic Results in 150 Cases According to Symptoms and Predisposing Factors 



TOTAL 

CASES* 

A 

B 

% A + Bl 

c 

D 

% C + D 

1. Excitement 

99 


42 


22 

5 

27% 

2. Starvation 

79 

24 

31 


20 

4 

30% 

3. Relaxation 

75 

21 

36 


16 

2 

24% 

4. Preceding diuresis 


9 

25 


14 

o 

32% 

Chocolate intolerance 


11 

14 


14 

i 

38% 

(i. Carbohydrate intolerance 

28 

9 

10 


9 


32% 

7. Caffeine withdrawal 

29 

S 

14 


7 


24% 

S. Menstruation 

27 

5 

12 


9 

i 

37% 


"Number of patients with this symptom or finding. 

tPercentage with A or B results (see Table IV). Seventeen out of 18 patients had 
their migraine relieved by pregnancy. One patient • **■*’" *">r a period of lour 

months during an attack of catarrhal jaundice. One for a period of one 

year presumably by thyrotoxicosis since the headache subtotal thyroidec- 

tomy. 


Table Y is an analysis of the data from the standpoint of predisposing fac- 
tors to ascertain whether any one type of case responds more favorably than 
another. The relation of site of headache to the result of the therapy is in- 
teresting in that if the excellent and good results are pooled for the first three 
categories, the number of eases of right-sided headaches improved is much 
smaller than the percentage improvement for the left-sided and frontal head- 
aches (38 per cent for right compared to 73 per cent and 76 per cent for the leit 
and bilateral localizations, respectively). This finding may he of significance 
as an aid in prognosis and selecting patients for treatment. 

The mixture of calcium lactate with potassium chloride greatly reduces 
the fleeting gastric pain frequently induced by the administration of crystalline 
potassium chloride alone. Less than 5 per cent of the patients noted any gastric 
sensation from the encapsulated mixture. Only one patient had to discontinue 
the treatment because of gastric irritation. Some patients ascribed an increased 
feeling of well-being and warmth of the extremities to the medication. A 
shortened menstrual cycle was noted in a few. Some patients reported a mild 
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but consistent cerebral stimulation and an increased ability to stand psychic 
trauma. No toxic symptoms were noted in the entire series. Several patients re- 
ported that a dull generalized headache occurred when too many capsules (10 to 
20 per day) were taken. This is probably similar in etiology to the premenstrual 
headache encountered in some patients. It is relieved by drinking water to the 
point o£ diuresis or by the ingestion of caffeine. It is not relieved by acetyl- 
salicylic acid. 

Table VI 


Tiie Effect of Theiupy in Relationship to the Initial Localization of the Headache. 

149* Gases 



A 

B 

c 

D 

Left frontal or temporal 

9 

1(1 

0 

1 

20 = 17% 

33% 

38% 

23% 

4% 



7 

13 j 

7 


MKgH 

22% 

41% 

22% 

Bitrontal or bitcmpotal 

17 

33 ! 

13 

3 

fltt = 44% 

2li% 

so% 

20% 

3% 

Occipital 


5 

3 

3 

15 = 10% 


33% 

20% 


Generalized 

2 

1 

D ' 

1 

9 = 0% 

22% 

H% 

50% 

n% 

Vertex 

1 

1 

1 




•One case not localized. 


DISCUSSION 

The results of this form of therapy are in accord with the hypothesis set 
forth as a result of our previous studies, 7 namely, that migraine is perhaps due 
to uncompensated fluctuations in the effective arterial blood volume. The hy- 
pothesis accounts for many of the vagaries of the migraine syndrome, namely, 
the onset at puberty and frequent relief at the menopause (correlating with 
the onset and waning of cyclic activity of the sex hormones with their salt and 
water retaining properties, the increased incidence in the female over the male 
due to the greater salt and water retaining power of estrogens over androgens 1 " 
and relief of migraine by pregnancy where a normal concomitant increase in 
the blood volume obtains. Actual proof of this hypothesis must await experi- 
mental methods whereby the effective arterial blood volume can be measured and 
correlated with cardiac output and peripheral vascular tone. It must also be 
assumed that an underlying anatomical or physiological familial defect exists 
which allows vascular spasm or dilation with changes in the effective arterial 
blood volume. 

The suggested salt mixture is certainly more effective than are calcium, 
potassium or sodium salts when given alone. It has the disadvantage of all salt 
therapy that some patients become tolerant after several months of use. No 
attempt was made to reduce NaCl intake during the period of treatment. Also 
the patients were not restricted in their use (when necessary of acefylsalicylic 
acid, plicnacctin, or ergotamine tartrate). No toxic reactions were observed in 
the use of these common drugs with the salt mixture. The salt mixture should 
he given at the first sign of a headache since it can only he given orally. The 
patients who consistently awaken with a migraine syndrome so severe that 
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vomiting prevents oral retention of the capsules are. of course, not benefited by 
therapy unless it is taken propliylactically at bedtime. 

Based on the findings of Graham 11 and also Atkinson 12 that nicotinic acid 
is of value in functional disorders, wc have recently been treating a series of 
patients with the caleiiun-potassium mixture to which 1 per cent nicotinamide 
has been added. The preliminary results seem even more promising than the 
use of the salt mixture alone. 


SUMMARY 

The results of therapy of migraine over a period of three years with a 
mixture of calcium lactate and potassium chloride are reported. Of 150 pa- 
tients 24 per cent had excellent results, 39 per cent good results, 27 per cent fair 
results (still require ergotamine tartrate) and in 10 per cent the therapy was - 
noneffective. The detailed study revealed that spontaneous diuresis may precede 
the scotoma as the initial sign of an impending attack. Relaxation or “let 
down” in activity may be a precipitating factor in the migraine syndrome. 
In this series a better therapeutic response was obtained in patients with left- 
sided headaches than in those with right-sided headaches. 
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CARDIOTONIC SUBSTANCES IN THE BLOOD 
AND HEART MUSCLE IN UREMIA 
(THEIR NATURE AND ACTION)* 


IV. Raab, M.D., Burunuton, Yt. 


C ARDIAC failure is a common event in tlic terminal stages of renal insuf- 
ficiency and uremia. While its manifestations are often overshadowed by 
other uremic signs, such as central nervous disturbances, vomiting, hemor- 
rhages, etc., it can be considered as the ultimate cause of the fatal outcome 
in the majority of cases. Dyspnea and attacks of pulmonary edema are par- 
ticularly conspicuous (Conley ; Luisada; and others) and also peripheral edema 
appears frequently in advanced stages. Pulsus altemans (Heitz; Chalior 
and Contamin), tachycardia, and bradycardia arc often observed. 

Marked alterations of the electrocardiogram, mainly of the "anoxic” 
type' (flattening or inversion of the T waves, depression of the S-T interval) 
are frequently present in uremia (Wood and White; Bcchov; Gordey; Agnoli 
and Bussa). 

Severe degenerative myocardial lesions have been found to be a character- 
istic of the uremic heart (Merklen and Rabc; Kiilbs; Liischer; Goulcy; Solo- 
mon, Roberts, and Lisa) and a diminished myocardial creatine concentration 
was observed in the failing heart muscle of uremic persons by Gross and Sand- 
berg. 

All investigators agree in the assumption of an unknown “toxin” as being 
the cause of myocardial damage and failure in uremia. The serum of dogs 
with experimental uremia and the serum of uremic patients contain unknown 
substances which exert a "digitalis-like” toxic effect on the isolated frog heart 
(Mason, Rcsnik, Minot, Rainey, Pilcher, and Harrison), and cause anoxic 
changes of the electrocardiogram of the guinea pig, according to Agnoli and 
Bnssa who studied the effects of intraperitoneal or intravenous injection of 
crude serum or of serum dialysatcs. 

The possibility that these substances may belong to the group of phenols 
was mentioned by Mason and his associates who observed a cardio-inhibitory 
effect of phenol and paraeresol on the isolated frog heart. Retention of phenols 
in the blood as a regular feature of uremia was reported by Bcclier, by Mar- 
colongo, and by Dickes. 

Another characteristic anomaly of blood composition in uremia was de- 
scribed by the writer (Raab 1 ), namely, tiie presence of excess amounts of sub- 
stances with a catechol nucleus (benzene ring with two free hydroxyl groups 
in ortlio-pasition). Such substances are pyrocaleeliol and a number of catechol 

•From the Dl\Ji4f>n ct Clinical Medicine. University of Vermont, College of Medicine, 
Huillngton, Vt. 

Uccclu'tl for jnibli cation, Jan. 7, 19H. 
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compounds, including' adrenalin, syinpatliin, adrenalone, dihydroxyphunyl- 
alanine, epininc, leucoadrenochrome, and others. The colorimetric method used 
for the quantitative determination of tliese substances in blood and tissues 
(Raab 1 ’ 2 ’ 3 ) includes also ascorbic acid by virtue of its two adjacent hydroxyl 
groups on a lactone ring but, owing to its weak color intensity, ascorbic acid 
forms on by a fraction of the colorimetric results and, in general, does not. 
constitute a seriously disturbing factor. 

The term “AC” will henceforth be used, standing for “adsorbable chro- 
mogens” (not “adreno-cortieal” compounds, as in some previous publications 
when the colorimetric results were erroneously interpreted as being due to 
a combination of adrenalin with cortical steroids). 

By far the highest AC concentrations were encountered in the adrenal 
medulla, and extensive experimental series have shown that the AC concen- 
tration in blood and tissues is largely dependent on adrenal secretion and 
probably also on peripheral sympathin production (Raab, 1 * 2 ’ 3 Cannon and 
Lissak). It appears reasonable, therefore, to consider the adrenal medulla 
and the peripheral sympathetic “adrenergic” nerve endings as the source 
of the bulk of AC material, consisting of adrenalin and related substances, 
which is present in blood and tissues in physiologic as well as pathologic con- 
ditions. 

The heart muscle, although containing rather low AC concentrations 
under standard conditions, is characterized by an outstanding tendency to 
accumulate both artificially administered catechol compounds and spontaneous- 
ly secreted AC substances (Raab 1 ’ 4 ). Accumulation of excess AC concen- 
trations in the heart muscle beyond a certain critical level was found to be 
fatal in experimental animals, leading to cardiac failure and death (Raab 1 ). 
Also in the majority of patients who had died from heart failure, the total 
AC concentration or the eoneenU’ation of adrenalin (sympathin) proper in the 
myocardium was found above the upper limit of normal (Raab 1 ). 

The striking toxic effects of excess amounts of the most powerful catechol 
compound, adrenalin, on the. electrocardiogram, and on metabolism, structure, 
and function of the myocardium are well known and were recently reviewed 
by the author (Raab 1 ). Prolonged action of adrenalin upon the heart in- 
creases the sensitivity to inhibitory stimuli of the vagus nerve (Langecker; 
Sollmann and Barlow 1 ) and adrenalin concentrations stronger than 1:10° exert 
a directly inhibitory toxic effect upon the heart muscle (Sollmann and Bar- 
low 2 ). Other catechol compounds, such as adrenalone, produce effects similar 
to those of adrenalin on the heart and, although weaker than adrenalin 
(Tainter; Tani), seem to intensify the efficiency of the latter (Ivato and. 
Aibara). Catechol proper (pyrocatecliol) acts as a cardiac depressant 
(Tainter). 

In view of the above-mentioned facts, the behavior of AC substances in 
the blood and in the heart muscle of uremic patients was studied. It was 
correlated with the electrocardiogram and the clinical picture, and compara- 
tive experiments with uremic serum and with various catechols and phenols 
were carried out on the isolated frog heart and on the intact rabbit. 
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METHODS 

1. AC in blood and heart muscles was determined by the modified method 
of Shaw, as described by the writer (Raab 1 ). The results are expressed in 
color units per cubic centimeter or gram, each unit corresponding to the color 
intensity of 10 ° mg. of adrenalin, which was used for standard comparison. 
The "d.s.r.” (denominator of specific ratio) permits a rough evaluation of 
the qualitative composition of the bulk of AC material found. A "d.s.r.” of 
2 or more indicates the prevailing or exclusive presence of adrenalin and/or 
sympathin ; lower d.s.r. ’s indicate the presence of other related catechol com- 
pounds, such as adrenalone, dihydroxyphenylalanine, leucoadrenochrome, etc. 
An occasional d.s.r. below 1.0 can be assumed to be due to a relatively large 
amount of ascorbic acid. 


AC coLun./cc/gm 

d.s.r. too i.06 i.S 4 m 



BLOOD HEART /AU5CLE 

Eier. 1.— Average concentrations of catechol compounds (AC = adsorbable chromogens) in the 
blood and heart muscle of normal and uremic persons. 

, 2. The frog heart experiments were carried out with hearts of liana 

pipiens, prepared according to the Straub method, suspended in a moist cham- 
ber in an oxygen atmosphere and filled with Ringer’s solution which was re- 
placed by fresh serum or various experimental solutions. 

3. Alcoholic serum extracts were prepared as follows : fit) c.c. of serum 
(mixed with an equal amount of 95 per cent alcohol for disinfection) were 
dried forty-eight hours in a flat plate at a temperature of 37 to 38° 0. The 
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dried serum was finely pulverized in a mortar and extracted two hours in 
a Soxhlet apparatus with 250 c.c. of absolute alcohol. The alcohol was then 
evaporated with suction over a hot water bath and the extract cautiously 
boiled down to a volume of 2y> c.c. This brownish lipid containing residue 
was kept in small vials in the dark, 

4. The rabbit elect rocaixliograms were taken with a Siemens Atlaneo 
apparatus under nembutal anesthesia. 

CATECHOL COMPOUNDS IN THE HLOOD, AND CARDIAC MANIl’ESTATIONS IN 
UREMIC PATIENTS 

Twenty-eight uremic patients, each with a N.P.N. concentration of at 
least temporarily 100 mg. per 100 c.c. or more, were examined (Table I). In 
39 of these patients the blood creatinine was determined. It was 4 mg. per 100 
e.c. or more in 18 cases. 


ECG.S or UREMIC PATIENTS w,™ HIGH BLOOD AC. 



CASE No. 

24 

3 

23 

18 

7 

(7* 

6 

AGE, SEX 

53 <f 

54 6* 

46 £ 

76 c? 

20 ? 

50 e? 

39 o* 

BL.PRES5. 

220/110 

146/92 

188/120 

(30/60 

(65/90 

190/98 

230/(40 

PULSE RATE 

63 

58 

128 

100 

65 

79 

93 

N.RN. 

217 

180 

132 

133 

(85 

270 

(04 

BLOOD AC 

227 

257 

260 

265 

283 

302 

304 

(D.S.R) 

- 

(1.00) 

(1.64) „ 

- 

(1.07) 

(0.85) 

- 


! * HAD RECEIVED 18 OR. (TOTAU OP DIOIrAUS ON 2 PRECEDING DAYS, 


Pit. 2. 


In all but three cases (Nos. 10. 11, and 24) the blood AC values were 
abnormally high (Fig. 1), the normal average (51 cases) being 15G col. un./e.e. 
ranged between 0.85 and 1.21, thus indicating the prevailing presence of 
and the highest level of normal being 222 col.un./c.c. (Raab). 7 The d.s.r. 
catechol compounds not identical with cither adrenalin or sympathin, a condi- 
tion analogous to the normal. 
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Signs of cardiac failure were present in the majority of all cases : dyspnea 
(partly Cheyne-Stokes respiration) (21 cases); pulmonary edema and/or 
cough with bloody sputum (7 cases); peripheral edemas (16 cases); tachy- 
cardia and/or palpitations (10 cases); bradycardia (3 cases). Twenty-one 
cases were hypertensive. Twenty-three eases wore mentally disturbed, drowsy, 
irrational, or comatose. 

Death occurred within a few hours to a few weeks after examination 
in 19' cases; the further fate of 7 cases is unknown to the writer; two (Cases 3 
and 27) improved very considerably and have survived for several months 
so far, despite high N.P.N., creatinine, and AC values al the time of examination. 


ECG.3 of UREMIC PATIENTS w,th high BLOOD AC. 




Ifpiilllilfp! 
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liia.figs ing iii 
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CASE No. 

8 * 

5 

21 

4 

26 

1 

. 12 . 

AGE, SEX 

64 ^ 

8 ? 

52 <? 

16 $ 

25 cf 1 

57 o» 

26 ? 

BL.PRESS. 

202/104 

162/90 

230/126 

135/85 

220/140 

160/90 

152/116 

PULSE RATE 

107 

88 

89 . 

87 

108 

t go 

SB 

N.RN. 

ISO 

100 

270 

333 

133 

260 

275 

BLOOD AC 

310 

362 

556 

420 

55 S 

562 

620 

(D.S.R.l 

( 1 . 10 ) 

( 1 . 00 ) 

( 1 . 05 ) 

( 1 . 00 ) 

’ - 

(I. 0 D 

( 1 . 14 ) 


* DAILY Itti CR. OF DIOAlEN 


Fifr. 3. 


In 25 cases electrocardiograms were taken (Figs. 2-4). In 12 the axis 
position was normal, in 9 there was a left, in 4 a right, axis deviation. Only o 
were free of alterations of the “anoxic type” (Cases 3, 4, 10, 11, 14, and 16). 
In 20 cases there was flattening or inversion of the T waves (of li alone scion 
times; of T, and T, four times; of T, and T 3 four times; of Ti, To, and T ;! 
five times). The S-T interval was depressed in 9 cases (S-Ti twice; S-1i and 
S-T, three limes; S-T, alone three times; S-Ti, S-T,, and S-T,, once). In 
2 cases (Nos. 15 and 18) S-T, and S-T ;i were slightly elevated. The P-B 
interval was 0.20 or more in 4 cases (Nos. 5, 8, 20, and 22) and 0.12 in one 
case (No. 23). Digitalis medication was being used at the time of the examina- 
tion in 4 of the cases with anoxic electrocardiograms (Nos. 2, S, 9, and 10- 


ha ah : ithooi) \m> m:\nr muscle in uremia 


723 


No definite relationship between the decree of AC elevation above normal 
and tlic degree of electrocardiographic changes could be established but it 
appears significant that the only 2 cases with clearly normal AC values (Nos. 
30, and 11) had also normal electrocardiograms, and that in 3 cases in which 
the electrocardiogram was examined repeatedly (Nos. 3, 12, and 24) the 
anomalies of the T wave appeared or became markedly accentuated as the 
blood AC level rose. 


ECG.s of UREAUC PATIENTS w.™ HIGH BLOOD aw> MYOCARDIAL AC 
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CASE No. 

22 

15 

2* 

16 

20 

28 

13 

AGE, SEX 

39 cC 

38 $ 

45 ? 

60 £ 

72 o' 

65 $ 

53 ^ 

, BL.PRESS. 

238/144 

160/1 00 

190/(02 

172/80 

184/100 

187/118 

132/90 

PULSE RATE 

97 

83 

88 

81 

94 

115 

125 

. N.P.N. 

267 

680 

100 

196 

142 

112 

320 

, BLOOD AC 

367 

362 

270 

315 

- 

460 

660 

• (D.S.R.) • 

(1.00) 

(1.03) 

aio> 

CI.I4) 

- 

(1.00) 

(1.02) 

HEART AC 

. 870 

1109 

1324 

1577 

1631 

2019 

2092 

; f D.S.R.) 

aso) 

(MO) 

a 28 ; 

( 1 . 80 ) 

- 

( 0 . 98 ) 

(0.99) 


* DAILY *}4. OR. or DIC1TALI5 


PIS 4. 


AC IN THE HEART MUSCLE OF UREMIC PATIENTS ANI) OF EXPERIMENTAL RATS 

In 9 of the uremic cases m which an autopsy* was performed the heart 
muscle was examined for its AC 1 content (Table II, Pig. 1). In 21 normal 
(nonfailing) human hearts previously examined, the average AC concentration 
per gram of myocardial tissue (area near the angle of the descending left 
coronary branch) was 698 eol.un./Gm. Assuming about 1,000 eol.un./Gm. as 

*Thi> nutap*> fintlinss writ* fninisln-,1 by the Dcp.it tm< a nt of Pathology, UnlversUj of 
Vpimont. 
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Table II 

Abnormally High AC Concentrations in the Uremic Heart Muscle (the Normal 

Average Is 60S col.un./Gm.) 


CASE 

WEIGHT 

OF HEART 
(GM.) 

AC OF 

HEART 

MUSCLE 

(COL. 

un./gm.) 

D.S.R. 

MICROSCOPIC FINDINGS 

2 

300 

1,324 

1.2S 

Negative* 

in 

250 

2,092 

0.99 

Not examined 

15 

500 

1,109 

1.10 

Negative 

16 

350 

1,577 

1.80 

Not examined 

in 

- 

1,463 

0.98 

— 

20 

500 

1,631 

— 

Marked fragmentation and light staining 
of fibers, edema 

oo 

500 

S70 

1.50 

Generalized fibrosis, cells poorly staining, 
st nations not distinct 

25 

700 

1.242 

1.34 

Not examined 

2S 

240 

2,019 

0.98 

Not examined 


“Macroscopically the myocardium appeared pale and soft, and the right coronary artery 
was almost occluded. 


the upper limit of normal, it can lie stated that- in 8 out of 9 uremic cases the 
myocardial AC concentration was markedly elevated above normal, and in the 
one remaining case (No. 22) it was above average and not far below the 
upper limit of normal. The d.s.r. varied, as in normal hearts, between 0.98 
and 1.80, thus indicating a prevalence of catechol compounds not identical 
with either adrenalin or sympatliin (except in the one instance with a d.s.r. 
of 1.80 in which almost pure adrenalin or sympatliin seemed to be present). 

Table III 

Deposition or Injected Catechol Compounds in the Heart Muscle of the Rat 


SUBSTANCE 

INJECTED 

RAT 

DOSE PER 
GM. OF 

BODY 

WEIGHT 

(MG.) 

INTERVAL 

BETWEEN 

INJECTION 

AND DEATH 
(MIN.) 

MODE 

OF 

DEATH 

AC (COL.- 
UN./GM.) 

D.S.R. 

Pyrocatechol 

i 

0.05 

20 

Killed 

1,561 


(d.s.r. 1.00) 

2 

0.1 

20 

Killed 




3 

0.5 

D 

Spontaneous 

18,301 



4 

1.7 

2% 

Spontaneous 

38,759 


Adrenalone 

5 


20 

Killed 


1.12 

(d.s.r. 1.06) 

6 

0.25 

20 

Killed 

4,040 

1.24 


7 

0.25 

20 

Killed 

3,776 

6, SIS 

1.12 


8 

0.75 

20 

Killed 

1.00 


9 

1.50 

19 

Spontaneous 

11,167 

3.01 

Dihvdroxvphenvl- 

10 

0.15 

20 

Killed 

4,962 

14,596 

1.07 

alanine (d.s.r. 
3.0(1) 

11 

0.75 

20 

Killed 

i.or* 


In order to gather some information as to which catechol compounds 
beside adrenalin (which had been studied previously in this respect, Raab 1 ) 
are absorbed by and deposited in the heart muscle, large doses of pyrocatechol, 
adrenalone, and diliydroxyphenylalanine were injected subcutaneously into 
white rats, and the myocardial AC concentration was subsequently examined 
(Table 111). The results indicate clearly that the heart muscle possesses an 
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mitslimding tendency to nlisotb and accumulate not only adrenalin, as demon- 
strated elsewliei-e, but also oilier related catechol compounds, their d.s.r. remain- 
ing practically unchanged. The increase of AC in the heart muscle within a 
limited time was roughly proportionate In the injected doses: 

Pvrocatechol Adrcnalone J)i hydroxy phenylalanine 
Dosages : 1 : 2 : 10 : 34 1 : 3 : G 1:5 

Increase in heart AC : 1 : 2.5 : IS : 38 1 : 2 : 3.3 1:3 

UREMIA ] 



Ttitijer t Strum AC o 26urt. 
AC AT 5 col un -Jet 

NPN lUfmjX, Cr.lt. 

Bt >r. Ill,/ ICO „„ 




Fig. 5. — Effect of uremic serum on the isolated frog heart. Type 1: Idciease of amplitude. The 
. electrocardiogram is that of the patient whose serum was used in this experiment (Case 9). 


EFFECT OF UREMIC SERUM AND Or CATECHOL COMPOUNDS UPON THE 
ISOLATED FROG HEART 

The effect of fresh uremic sera upon the isolated frog heart was compared 
with that of the fresh sera of 20 nonuremic persons, 9 of them hypertensive 
and 11 nonhypertensive. All nonuremic sera caused a slight to moderate 
increase in amplitude, ranging from +7 per cent to +28 per cent in the non- 
hypertensive and from +6 per cent to +38 per cent in the hypertensive eases. 
Significant alterations of the rhythm were not encountered. The effect of uremic 
sera, on the other hand, was essentially of three types : (1) A very marked in- 
crease in amplitude, ranging from +18 per cent (Fig. 5, Case 9) to +1250 per cent 
(Fig. 6, Case 8) and even resuscitation of the nonbeating heart (Fig. 6) to 
extremely vigorous contractions. This effect was produced by the sera of the 
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•Effect of uremic serum on the isolated frop heart. Type 3 : Combination of increased amplitude with periods of cardiac standstill. Electro- 
cardiogram of the patient whose serum was used in this experiment (Case 8). 
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uremic eases (Nos. 8, 9, and 27). It cannot be attributed to preceding digitalis 
medication since it was present also in Case 27 in which no digitalis had 
been given. (2) Marked bradycardia and periods of cardiac standstill without 
any significant change of amplitude (Figs. 7 and 8, Cases 12 and 14). (3) A 
combination of increased amplitudes and periodic standstills (Fig. G, Case 8). 
Replacement of the uremic serum by Ringer s solution abolished the bradycardia 
almost immediately but the amplitude-increasing effect persisted somewhat 
longer. 



Pic:. 7.— Effect of uremic scium on the fiofc heai t Type , a: Gradually incrcaMns 
hindycaidia without significant increase of amplitude. The clectrocaidiocram is that of the 
Patient whose scrum was used (Case 12) 


Attempts were made to reproduce some of the above-named effects of the 
uremia serum upon the isolated frog heart by introducing various catechol 
compounds other than adrenalin dissolved in Ringer’s solution. Increases of 
the amplitude, although only of a very slight degree, were produced by adron- 
alone and dihydroxyplienylalaninc, while pyrocatechol (catechol proper) 
diminished the amplitude and caused persistent cardiac standstill (Table IV and 

Pig. 9). 



Fig. S. — Effect of uremic serum on the frog heart. Type 2b: Bradycardia and periods 
of cardiac standstill without significant increase of amplitude (Case 14). The effect is im- 
mediately abolished by Ringer solution. 



Fig. 9. — Effect of various catechol (pyrocatechol) concentrations on the isolated *frog heart. 


kite :i ^Partner® a bl 




: R Paracr«sol O.S-m^/cc 




R 


t 

Paracresol 


R R Privine 
I.Owo/ct 





Phenol 


O.Z5’m^/cc 



R . R f PKenol 0.5Vnj/« R . R Phenol lAmg/ce 


Fig. 10. — Effect of various 


concentrations of phenols on the Isolated frog heart. 
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Table IV 


Effect of Catechols and Phenols on the Amplitude of the Isolated Frog Heart 


SUBSTANCE 

| CHANGE OF AMPLITUDE TIIROrOK MCr. OF 

SUBSTANCE PER 

C.C. OF 

SOLUTION 

1 

0.02 

0.] 

0.25 

0.4 

0.5 

1.0 

2.0 

5.0 

A (Irena lone 


+7 ( /o 

+!»% 

- 

- 

+w% 

— 

- 

- 

JJilivilroxyphenylnliinine 

- 

- 

— 

m% 

- 

- 

+19%, 

- 

Fyro fate eh ol 


- 

- 

-0% 

- 

-1(5% 

-41% 

- 

-100% 

l’hcnol 


- 

- 

-s% 

- 

-44% 

-100% 

— 

- * 

Paracresol 


- 

-10% 

- 

- 

-07% 

-100%. 

- 

- 


Carbolic acid (phenol) and paracresol as representatives of the phenol 
compounds, which arc also regularly increased in the uremic serum, were like- 
wise examined regarding their effect upon the frog heart. According to 
dosage they caused 'diminution of amplitude, bradycardia, and/or periodic or 
lasting cardiac standstill (Table III, Fig. 10). 


RABBIT. -I.V INJ. OF ALCOHOLIC EXTRACTS OF BLOOD SERA . 

BEFORE INJECTION: 

NORMAL SERUM (EXTRACT OFEOcc.): 

LATER r riV^~>-"V^! 

I3AMN. J { | : I ' ' , , 'I I j 1 1 1 • J 

LATER vr""' ■ - r V.r*" *: 




UREMIC SERUM* ( EXTRACT OP 20cc.) C 30 min. later] 

LATER rf— Y* ' If* 

<j> 26 ijrs. “ BLOOD AC 475 col.un./cc.,NPN 123 mej%,Bl.Pr. 224/120 mm. 

:D A DAILY DC 
DIGITALIS) 


PATIENT' 

ECG 


’S b.fffB] JpBpSli (RECEIVED A DAILY DOSE OF 0.1 3 m 

E ^riKjgfeii fetSKKi 


Fie ii —Fffppt of normal anti of uremic serum upon the rabbit's electrocai tliogram. 
(Intravenous ’injection of alcoholic serum extracts ) Death followed three minutes after the 
last electrocaiiliograni 


EFFECT OF ALCOHOLIC EXTRACTS OF UREMIC SERUM AND OF CATECHOL 
COMPOUNDS UPON THE RABBIT'S ELECTROCARDIOGRAM 

In order to test the effect of the cardiotoxic constituents of uremic serum 
upon the rabbit's electrocardiogram, it was necessary to eliminate all protein 
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material. Catechol compounds which are otherwise insoluble in organic sol- 
vents can be extracted from tissues in the presence of lecithin with chloroform 
and alcohol (Kendall; Raab 3 ). The quantitative recovery of the total AC from 
serum by alcoholic Soxhlet extraction had been ascertained before through 
colorimetric analysis (Raab 4 ). 


RABBIT. - I.V. INJ. OF ALCOHOLIC EXTRACTS OF BLOOD SERA 


BEFORE INJECTION: 


' ! ; 1 ; : i : ' [1 1 1 • ! i 1 1 i ! ' ' ' ' i 1 1 1 ! ! i J ' 1 ' j ; ; ■ ! : ; I P 1 : i I j ! ! M > | ; | j j j i 1 1 ! ;: ' " ■ 

■ ■ iU'U.KCuinijUliUlSilUii 

NOR/AAL SERU/A ( EXTRACT OF 10 cc.): 

. :"-XY. I ■ li . 

URE/AIC SERUM* (EXTRACT OF 10 cc.): 

5AMN. ! . ! ! : •' ■ ■ ■ 

later *rf^r i ' r---. „ — 

' j' 1 ' j J * 1 *’■ ; “ ■■ ' * • • 


5 MIN. 
LATER 


75 MIN. 
LATER 


20 MIN. 
LATER ^tp 1 



mi 

ill 

! 

1 

Jill 

THI 

! } iJ 

if! 

t 

1 


i 


eff 34- -yes. -BLOOD AC 305 col.urv./cc, NPN 172 mg’/, Bl.Pr. 215/130 mm. 


PATIENTS 

ECq. 


FiR. 12. — Effect of normal ami of uremic serum upon the rabbit s l f .„p nJ. 

(Intravenous injection of alcoholic serum extracts.) Death followed two minutes une 
last electrocardiogram. 

One-half to 1 e.c. of alcoholic extract (corresponding to 10 to -10 c.c. ol 
serum) was diluted with a double volume of physiologic saline solution and 
injected s’lowly into the car vein. (Injection of 1 e.c. of undiluted extiaet 
from normal serum had resulted in the deatli of one animal.) Lxtracls ol 
normal serum (Pigs. 11 and 12), although causing moderate tachtcaidia oi 
bradycardia and some flattening of the T waves, did not produce am othei 
grosslv recognizable effects. The electrocardiograms returned toward noimal 
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within an hour or so. Subsequent injection of equal amounts of uremic serum 
extract (obtained from (’uses f> and 27) was followed within a few minutes 
by severe anoxic changes of the electrocardiogram (Pigs. 11 and 12), flattening 
and inversion of the T wave, depression of the S-T interval, preterminal brady- 
cardia, and death within eight to twenty-two minutes. 


EFFECT of CATECHOLS AND PHENOLS, 50 MiN. AFTER S.C.INJ* 


ypergn , • j , ’ • ^ ' ! I« '! | ! | { |j |l ill I' 

NORMAL 0 


A D RENAL0NE. 2 Q0^^|)lg; . 

DOPA 250 p-^— — W~Vr-' 



Fig. 13. — Effect of vat lolls catechol and phenol compounds upon the electrocardiogram of one 
rabbit on different days. 


For the purpose of comparison with the effects of known catechol com- 
pounds, several such substances were injected subcutaneously in large doses 
into one rabbit (Fig. 13) on different days. In each instance the electrocardio- 
gram was taken fifty minutes after the injection because it was necessary to 
wait for the disappearance of intense tremors and twitchings which followed 
some of tlie injections (particularly of pyrocatechol). Adrenalin and adren- 
alone produced tachycardia with a depression of the S-T interval and diphasic 
or inverted T waves. Diliydroxyplicnylalaniiie ("dopa”) and cpinine (syn- 
thetic product) caused some tachycardia nnd a slight to moderate flattening 
of tlie T waves. Pyrocatechol (catechol) also increased the heart rate, reduced 
the voltage, and caused almost complete flattening or inversion of the T waves 
(see also Fig. 14 which was made from another animal). 

Phenol and paracresol were tested likewise (Fig. 13). Although the latter 
caused a marked bradycardia and a ciiange in shape of tlie T waves, no 
marked flattening or inversion of tlie T waves occurred. 


I . r 
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EFFECT OF CATECHOL INJECTION Cs.c.) C RABBIT) 


Normal 
5 0 min.af ter 250 

60 min 11 " " 

2. Krs. " “ " 
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Fig. 14. — Effect of different catechol doses upon the electrocardiogram of a rabbit. 


DISCUSSION . 

Excessive accumulation of catechol compounds (AC) of probably adreno- 
sympathetic origin (adrenalin and related substances) in the blood as well 
as in the heart muscle was found to be a characteristic feature of uremia (28 
clinical cases). 

With only few exceptions the uremic patients displayed signs of cardiac 
failure and marked abnormalities of the electrocardiogram of the anoxic type. 

The uremic sera examined showed specific, intensely cardiotoxic properties 
as manifested by their effects upon the isolated frog heart and upon the 
rabbit’s electrocardiogram. The latter effects were produced by protein-free 
serum extracts which contained the entire catechol material and which proved 
rapidly fatal. 

Correlation of the clinical, biochemical, and experimental findings sug- 
gested the probable identity of the excess catechol material present in the uremic 
blood and myocardium with at least part of the cardiotoxic substances present 
in the uremic serum. 

In an attempt to substantiate this conception, model experiments were 
performed with various known catechol compounds, such as adrenalin, adren- 
alone, dihydroxyphenylalanine, epinine, and pyrocateehol, on the isolated fi'Og 
heart and on the rabbit’s electrocardiogram. By this procedure some of the 
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characteristic cardiotoxic effects of the uremic scrum could be reproduced: 
anoxic changes of the electrocardiogram and alterations of cardiac rhythm and 
contractility, ranging between tachycardia and cardiac standstill and between 
increase and decrease of cardiac amplitude. All of these partly divergent 
features are commonly observed in clinical uremia as well. 

There is no indication from the chemical findings that adrenalin proper 
forms a major fraction of the excess catechol compounds accumulated in the 
uremic organism, but since Richter has shown that adrenalin is normally 
excreted by the kidneys in a modified form, it appears probable that altered 
adrenalin and other adrenalin-like substances which arc produced by the 
adrenal medulla and probably by the entire sympathetic nervous system (see 
Ranh, 1 * 3 and Cannon and Lissak) are retained in the body in conditions of ad- 
vanced renal excretory insufficiency. 

The general toxic effects of catechol compounds upon the heart muscle arc, 
of course, most strikingly exemplified by adrenalin: stimulation as well as 
inhibition (Solltnann and Barlow 2 ), myocardial anoxia, structural damage and 
failure (Raab 1 ) ; but in view of the fact that the catechol nucleus is believed to 
be essentially responsible for tin* pharmacodynamic effects of adrenalin (Dakin; 
Tainter; Vaughan, Perkins, and Derbos) and for its high electric potential 
(Ball and Chen), it appears reasonable to ascribe adrenal in-1 ike cardiotoxic 
effects also to other biologic catechol compounds as found in excess in the 
uremic organism. 

It must be emphasized, ho\u*\er, that beside catechols, intestinal phenols 
(bearing only one free hydroxyl group on a benzene ring instead of two) also 
form a part of the abnormal material which accumulates in the uremic blood. 
They too, possess certain cardiotoxic properties (bradycardia, decrease of 
amplitude) and, therefore, must be considered as participating next to the 
catechols in those chemical mechanisms which bring about cardiac damage and 
ultimately cardiac death in a large number of uremic patients. 

The fatal effect of the accumulation of adrenalin and of other related 
catechol compounds in the heart muscle above a certain critical level has been 
discussed elsewhere (Raab 1 ) on the basis of experimental and dinicopathologic 
observations. 

SUMMARY 

Blood and heart muscle of uremic patients were found to contain excessive 
amounts of catechol compounds of probably adreno-sympathetic origin. 

These findings were roughly paralleled by the presence of anoxic electro- 
cardiographic changes and signs of cardiac failure. 

The sera of uremic patients displayed specific, strikingly toxic effects on 
the isolated frog heart and on the heart of the intact rabbit. 

Analogous effects were reproduced experimentally by various known 
catechol compounds and in part also by phenols. 

Both catechol and phenol compounds are believed to participate signifi- 
cantly in the chemical mechanism leading to cardiac failure and death in 
uremia. 
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E. Gordon' Yoitno, 1’h.D . K.R.S.U , wn K. A. II. Rum:. 15.Sc., II.u.ii'an, N. S. 

S EVERAE tests have Iummi proposed within recent years to dclec! (lie presence 
of pyrogenic substances of bacterial origin in distilled water for intra- 
venous use. Welch, Onlvery, Metioxkv and Rriee 1 ' 1 Imvc suggested the measure- 
ment of rectal temperature in rabbits with a rise of O.H° 0. or more within three 
hours as indicative of the presence of pyrogen. They have expressed the potency 
of their standard preparation of /’.« ik/oiiioiuis ttrnii/iiio.ut in terms of nitrogen 
and found that intravenous injections of 0.75 to 1 .50 mg. invariably elicited 
a typical response. The limit was given ns 0.8:1 /ig. as calculated by us from 
their data. Eees and bevvy" have also made use of rise in rectal temperature in 
rabbits as a test for pyrogens. 

Co Tni, McClosky, Schrift and Yales 5 called attention to the leueopenia in 
dogs as a criterion of pyrogenicity and accepted a decrease of 5,000 in the white 
cell count in about forty-five minutes ns indicating the presence, of pyrogen. 
Chapman* has studied this method in rabbits and found it about as sensitive 
as that based on temperature but less stringent as to precautions necessary. 

The metabolic products of several organisms appear to he capable of in- 
ducing the syndrome of nausea, vomiting, defecation, chills and fever, iiourne 
and Seibert 2 associated the phenomenon in varying degree with several non- 
chromogenic bacteria from river water, Ranks’ with the chrornogenic I'muiln- 
monas scinsn and ureue and Co Tni and Schrift 0 with several pathogenic and 
facultative saprophytic bacteria. The nitrogen equivalent cannot theiefore 
he taken strictly as an index of pyrogenicity. 

The phenomenon is apparently so widespread and of such general im- 
portance in intravenous medication that a simple test for the presence of pyro- 
genic substances is very desirable. This is substantiated by a recent collabora- 
tive study ill lo laboratories (JWlosky r.t at.' 0 ). In the, course of an investiga- 
tion of the alleged leucocytic response lo allnnloin in man the. active agent was 
demonstrated to he pyrogen (Young and Hawkins'*). The leucoeytosis appeared 
to he detectable in the absence of any subjective symptoms and when no leueo- 
penia or hyperpyrexia was demonstrable. These observations have led us lo 
study the relative sensitivity of these criteria for detecting pyrogenic com- 
pounds. 

From the Department of TllorliemI»tiy. DnlliniluK' llnlvomlly Ilnlllnx, N, II. 
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EXPERIMENTAL 

The plan of the investigation was to prepare a sample of pyrogenic water 
and to inject this into dogs. Their response was to be noted at successive dilu- 
tions in terms of objective symptoms, rectal temperature, and white blood cell 
and differential counts. 

A culture of Pseudomonas aeruginosa, obtained from our Department of 
Bacteriology, was grown on nutrient broth for twenty-four hours at 37° C. This 
was used to inoculate three Kolle flasks containing Difco nutrient agar. After 
incubation at 37° for forty-eight hours, the growth was washed off with 30 c.c. 
of redistilled water to each flask. The combined washings were agitated for 
five minutes in a Waring blender, then incubated at 37° for four days. Sodium 
chloride (Merck’s reagent for biological work) was added to make 0.90 per cent 
and the solution passed through a medium Berkefeld candle. The filtrate was 
kept sterile at 4° and used directly for injection as the stock standard. This 
solution was diluted with fresh triply distilled water which had been distilled 
from (1) a Barnstead still, (2) dilute acid potassium permanganate, (3) dilute 
barium hydroxide. The last two distillations were made in all-glass stills with 
fractionating attachments (Pyrex No. 3360 and Fisher No. 9-107). Sodium 
chloride was added to make 0.9 per cent, and such diluted solutions were im- 
mediately passed through the Berkefeld filter. The stock standard contained 
5.60 mg. of nitrogen per 100 e.e. determined by the micro-Kjeldahl method in a 
Pregl apparatus. 

Six dogs, varying in weight from 7 to 23 kilograms, have served as experi- 
mental subjects. They have been used in preference to rabbits because of the 
notorious instability of the latter for experimental purposes. The animals were 
fed Purina dog chow once a day. Fluctuations in rectal temperature and cell 
counts were observed frequently during at least one day prior to injection with 
pyrogen. Blood was taken from the ear for white cell and differential counts. 
For the latter, Wright’s stain was used and 300 to 500 cells were identified eaeli 
time by cross counting with the aid of a mechanical stage. Injections were made 
into one of the veins in the hind leg. We made use of sodium amvtal (131i hilly 
and Co.) as anesthetic initially but discontinued this practice because in some 
animals it gave rise to a leueocvtosis. Observations were frequently necessary 
over a period of 16 hours to determine the duration of the leueocvtosis and conse- 
quently it was not accurately determined in a few cases. 

In Table I are shown the results of injecting 20 c.c. of tridistilled water 
and of an old sample of singly distilled water which had been about the labora- 
tory for several weeks. These may be contrasted with progressive dilutions ot 
the stock pyrogenic standard. A typical response was observed with the latter 
accompanied by a leucopenia of 4,000 cells below the mean and a leucoeytosis of 
11,00 cells above it. The amount of nitrogen injected was 280 g. The leuco- 
penia and hyperpyrexia had disappeared as had any objective symptoms at a 
dilution of 1:1,000. The leucoeytosis was still definite. It was appreciable 
at 1 :5,000 but absent at 1 :10,000 based on the reasonable restrictions suggested 
by Medlar 11 that a significant increase should be more than 50 per cent of the 
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original total and 10 per cent of the differential picture. The neutrophilia was 
not as sensitive an index as the lencoevtosis. This would mean that a minimum 
response was obtained with 0.056 /<. g. nitrogen, equivalent to 0.35 /t g. pyrogenic 
protein or 0.015 p g./kg. body weight. Welch, et id., 13 obtained a minimum 
response with 0.83 p g. nitrogen as indicated by rectal temperature. Seibert, 12 
however, has recorded an effect with 0.005 p g. pyrogenic protein. It is to be 
noted that the level of lencoevtosis is approximately proportional to the amount 
of pyrogen in the more dilute preparations. 

Fig. 1 presents the observations in detail of a typical experiment done on 
Dog A as summarized in Table I. It shows a slight effect on the lymphocytes 
and a typical response to pyrogen by the leucocytes at a dilution of 1 :10 of the 
standard solution. 



Hour* 

Fig. I.- — Changes in the concentration of the white cell counts after intravenous injection of 
5 c.c. of pyrogenic water, diluted 1 :10. 

Table II presents the evidence from the five dogs used in confirmation of 
the observations show r n in Table I. With the original standard all dogs showed 
the typical pyrogen syndrome accompanied by a variable hyperpyrexia from 
0.5 to 6.1° F., a leucopenia followed by a leucocytosis and neutrophilia. The 
leucopenia and hyperpyrexia disappeared first with dilution; the neutrophilia 
v T as doubtful at 1:1,000; the leucocytosis became doubtful at 1:5,000 but disap- 
peared at 1:10,000. It is therefore to be concluded that in dogs the leucocytosis 
is the most sensitive index of the presence of pyrogenic compounds. This con- 
firms the observations made previously in man. (Young and H a wki ' ' 
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It should lie pointed out that there are wide differences as to the normal 
blood picture of the dog in the literature. Downey 7 gives the average white 
blood cell count at 8,000 and the percentage of neutrophils at 60 to 76. Busch 
and Van Bergen 3 found the average white cell count, to be 9,526 and the neu- 
trophil variation 54 to 74, avg. 65.7 per cent, on 20 dogs. Mayerson” placed the 
white blood cell count at 11,165 and the neutrophils at 74 per cent on 60 dogs. 
Our short series of six dogs showed a normal fluctuation in the white blood cells 
of 8,000 to 9,800 and the neutrophils of 60 to 71 per cent. 

CONCLUSION 

By the intravenous injection of small volumes of water or saline (1 to 20 
c.c.) into dogs it is possible to detect the presence of pyrogenic substances at or 
below the level of concentration which will produce symptoms in man. This is 
determined most readily by the resulting leueocytosis and progressively by the 
neutrophilia, leueopenia and hyperpyrexia. White blood cell counts alone, how- 
ever, will suffice to indicate the presence of pyrogens in objectionable concentra- 
tions taking an increase of 50 per cent above the original count as significant on 
the basis of counts made 3 to 6 hours after injection. 


SUMMARY 

A study has been made on the dog of criteria indicating the presence of 
pyrogenic substances in distilled water. Leueocytosis was the most sensitive, 
measurable in three to six hours after intravenous administration and lasting for 
many hours. Progressively less sensitive were the neutrophilia, leueopenia and 
hyperpyrexia. 

The least amount of solution producing a positive response contained 0.056 
ji g. of nitrogen. 

The level of leueocytosis was approximately proportional to the amount of 
pyrogen in the more dilute preparations. 
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ON THE MOBILIZATION OF IRON IN HEMOCHROMATOSIS WITH 
ADMINISTRATION OF VARIOUS CHEMICALS* 


Hamilton R. Fishback, Sc.D., M.D., Chicago, III. 


D IFFUSE iron deposits in tissues of the body are pathologic. If in suf- 
ficient amount, the presence of iron may be associated with abnormal 
changes of the organ parenchyma. Atrophy and fibrosis may occur as in the 
liver and pancreas with hemochromatosis. Chronic inflammatory change may 
be present in Kaschin-Beck’s disease of the joints. The problem of mobilizing 
abnormal stores of iron and discharging it from the body appears to have had 
very little attention. This contrasts quite markedly with the efforts put forth 
toward finding the means of eliminating other metals which are detrimental to 
the tissues in which they are stored or to the whole body. 

In this work some of the agents ordinarily used for the removal of heavy 
metals from the body were administered, and their effect on the iron balance 
was measured. The subject was a white man admitted to the hospital with a 
diagnosis of hemochromatosis in a late stage. 

Previously he had been getting along quite well under the care of his fam- 
ily physician. However, while arrangements for metabolic study were being 
made, his abdomen suddenly became distended and bis temperature rose to 
105° F. rectallv. On instituting stomach drainage he improved rapidly so that 
by the next day his abdomen was soft and the temperature was 99° F. The 
liver was quite enlarged and there was some ascites. The diabetes was well 
controlled with insulin. 

After 16 days of medical management he was put on a standard diet of- 
known iron content, with daily collection of urine and stools for chemical analy- 
sis. Period separation of feces was made with carmine and charcoal. After a con- 
trol period of 4 days he was given the following compounds in order, each for a 
period of 7 days: Sodium thiosulfate, S 1 /-* Ctm. daily, divided into three intra- 
venous doses; ammonium chloride, 6 Gm. daily, given orally in three doses; 
sodium bicarbonate, 9 Gm. daily, in three oral doses; sodium thiosulfate, 17.o 
Gm. daily, given intravenously in three doses. Tlic iron intake was kept at a 
very low level. 

Table I shows the details of iron intake and excretion. 

Results . — In the control period the excretion of iron in the feces was in- 
creased by blood which was found later by chemical tests to be present in the 
feces of the first two days. Unfortunately it was not. feasible to repeat the con- 
trol period. Blood was not found in the stool in any other period. In Period II 
there was an appreciable iron retention. The question must be considered, how- 
ever, of a retention possibly to equalize the iron loss of the preceding period. 

•From the Department of Pathology, Northwestern University Medical School. 
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Table I 


PERIOD 


TIME 

MO. OP IRON 
INTAKE 

MO. OF IRON^ 
OUTPUT ! 

MO. OF IRON 
DAILY 
EXCRETION 

IRON 
BALANCE 
DAILY AS 




TOTAL [DULY 

TOTAL [DAILY 

URlNE[STOOL 

MO. 

I 

Control 

4 days 

21.24 

5.31 

4S.27 

12.07 

2.31 

9.70 

-15.7(5 

11 

Sodium Thiosulfate 8% 
Gm. daily 

7 days 

38.0 

5.40 

21.00 

3. OS ! 

0.09 

2 39 1 

42.32 

III 

Ammonium Chloride <> 
Gm. daily 

7 days 

38.0 

5.40 

31.29 

4.47 1 

1.81 

2.(50 1 

+0.93 

IV 

j Sodium Bicarbonate 9 
j Gm. daily 

7 days 

41.4 

5.91 

40.27 

5.75 

2.49 

3.20 

+0.10 

V 

ISodium Thiosulfate 17% 

1 Gm. daily 

7 days 

41.4 

5.91 1 

04.40 

9.23 

2.42 

0.81 

j -3.32 


In Period III, with the urine made quite acid, there was a very small iron 
storage. However, the urine was made alkaline in Period IV and again there 
was slight iron retention. It was decided to push up the thiosulfate dosage to a 
very high level in Period V. This was done safely, with no evidence of any un- 
favorable reaction. There was quite an appreciable iron loss with the greater 
proportion found in the l'eees. As stated before, blood was not found in the 
stool in this period. 

The urinary excretion of iron in most of the periods was a fairly constant 
amount. It is sometimes stated to be insignificant as regards total excretion of 
iron. However, it can be seen in the table that if the figures for urinary iron 
of the Periods II and V cotdd lie exchanged arbitrarily, the significant balances 
of those periods would he transformed to rather weak ones. 

Discussion . — The method of ridding the body of a stored metal may depend 
not only on the particular metal, lmt also on the structure in which it is stored. 
Thus, since lead is deposited in bone along with calcium, it is taken out again 
by methods which mobilize calcium Silver deposited in the skin is removed 
with great difficulty by local treatment because of its insolubility. Bismuth is 
stored in high amounts in the liver and kidneys and appears to be excreted 
directly from those organs. Among other metals sometimes found in excess in 
the body tissues are: mercury, arsenic, zinc, copper, and chromium. There is 
no known method of accelerating the excretion of any of the above metals by 
increasing the activity of the liver, kidneys, intestines, or skin. 

The direct solution of a metal stored in the body tissues by a chemical given 
by mouth or intravenously would appear to be difficult. However, this may be 
accomplished indirectly if the chemical administered reacts with the stored 
metal to form a soluble salt which is then excreted. This was formerly thought 
to be the method of action of both potassium iodide and sodium thiosulfate. 

It is possible also that salts which supply an excess of available acid or 
alkaline radicals in the body fluids provide a medium for readier solution of 
stored metals. This seems to be true of the use of ammonium chloride to mo- 
bilize calcium and with- it other metals stored in bone. 

Iron is often stored ns the difficultly soluble hemosiderin. Vet, after a 
contusion, hemosiderin may be piled up in the tissues in considerable amounts, 
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but 5s dissolved and removed within a limited number of days. The iron stores 
of Addisonian anemia can be taken up and used for building hemoglobin with 
remission of the disease. 

Whether the iron deposited in hemochromatosis can be resorbed either for 
excretion or hemoglobin formation is not yet known. Even the form in which 
the iron is stored is not fully understood. Since, however, the sites of greatest 
iron deposit are subject to profound functional and anatomic change, it would 
appear important to prevent its deposit or remove it early. 

In this work the significance of the negative iron balance of the control 
period with loss of blood from the intestine could be discussed only if a longer 
period of loss of a known amount of blood could be correlated with the new 
formation of hemoglobin from absorbed stores of iron in the tissues. It may be 
that blood loss furnishes the only feasible method of ensuring a negative balance 
of iron. Work on this part of the problem is under way. 

Summary . — Various chemicals were given to a man with hemochromatosis, 
over periods of seven days each, with the purpose of attempting to mobilize 
stored iron. The intake of iron was kept to a known low level, and the output 
of urinary and fecal iron was determined. 

The results do not indicate any striking effect on iron balance by the chem- 
icals given, namely, sodium thiosulfate, ammonium chloride, and sodium bi- 
carbonate. 

Sodium thiosulfate in large daily dosage caused a low negative iron bal- 
ance, but this was outweighed greatly by the iron loss of the control period due 
to escape of blood in the stool. 

Acknowledgment is made here to the valuable support given this work by the Da veil a 
Mills Cancer Foundation Fund of the Wesley Memorial Hospital. 



A METHOD OF OBTAINING COMPRESSED AIR FOR THE 
SMALL LABORATORY* 


Beecher L. Scutchfield, A.B., M.T., Wheelwright, Ky. 


C OMPRESSED air is a necessity in securing a hot flame for pulling or blow- 
ing glassware, drying pipettes or other glassware, and cleaning objects of 
dust particles. Obtaining compressed air for these purposes presents a problem 
to most workers in small laboratories. Since compression equipment is- too 
expensive for such laboratories, the author has adapted a vacuum cleaner with 
a few added attachments. 



Fig. 1. Side view of the completed compressor and a detailed drawing of the outlet. 


•From the Inland Steel Company Hospital. 
Received for publication, Jan. 19, 1944. 
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The hose of the blower part of the vacuum cleaner is attached to a small 
outlet, thereby producing a steady jet of compressed air. The equipment in- 
cludes an electric vacuum cleaner with a hose attachment, a cork V/2 inches in 
diameter, % inch glass tubing- or a 10 e.c. measuring pipette, and a small amount 
of adhesive tape. The vacuum sweeper must have a blower outlet and hose 
extension. 

The dirt bag of the vacuum cleaner is removed and the hose is attached to 
the blower outlet. A hole is bored in the cork, into which the glass tubing is 
fitted. The cork is placed in the exit end of the hose attachment. The exit end 
of the glass tubing may be small or large. A tube with a small opening is used 
to produce a small jet of air which may be directed into the flame of a Bunsen 
burner to produce a blow torch. A 10 e.c. pipette cut and broken at the 2 e.c. 
mark may be fitted into the cork instead of the glass tube. If the air is to be 
used for drying glassware or pipettes, a large opening is provided with % inch 
glass tubing and a length of rubber tubing. This may be introduced into flasks 
or attached to pipettes. To obtain an airtight connection, adhesive tape is 
placed around the end of the hose extension and the adjoining cork. In addi- 
tion, two pieces of adhesive tape about 1 inch wide and 9 inches in length are 
placed at right angles to each other on these connections. To do this, a hole is 
made about midway of one tape which is then slipped onto the tubing. The 
tape is attached to the cork and to the extension tube of the sweeper, and bound 
down with the second tape. 

An apparatus support stand and a universal extension clamp will hold the 
hose outlet steady. To prevent the sweeper from picking up dust particles, it is 
placed on a large cardboard or on a clean floor. The compressor may be turned 
on and off with the sweeper switch. Pig. 1 shows a side view of the completed 
compressor and a detailed drawing of the outlet. 



A SIMPLE! AUTOMATIC PIPETTE 


First hr. II irkv A. Kobkorbr, S.v. C., A. U. S. 


T HE shortage of man power in many clinical laboratories lias made desirable 
the application of laborsaving devices to routine procedures. In this com- 
munication is described such a device which is being used successfully in the 
author's serology laboratory for the automatic pipetting of colloidal gold. 

Although its application has been limited to the rapid delivery of 2.5 c.c. 
portions, variations in the dimensions of the apparatus will result in the de- 
livery of larger or smaller amounts, extending its use to other procedures in 
serology as well as to bacteriology and chemistry. 

It will be noted that the solution being pipetted contacts no rubber, cork, or 
oilier material that may affect the reagent. This is of special importance when 
eolloidal gold is used in the automatic pipette. 

Although other designs utilizing the same principle may he used, the one 
described here was chosen because of its simplicity and the ready availability 
of material for its assemblage. The eolloidal gold solution is contained in a three 
liter flask lifted with a 2-ho)e rubber stopper through which passes the delivery 
tube, bent to the shape illustrated in (2) Fig. 1. Since the flask must he two to 
three feet above the workbench, the descending arm of the delivery tube is 
approximately twenty inches long. The end of the tube is fitted onto a stop- 
cock (3) flanged at one end, such as part of a Van Slvkc carbon dioxide ap- 
paratus, which, in turn, lends into a Kahn tube (/) supported by a clamp 
attached to a ring stand. Over the side of the Kahn tube is laid the small siphon 
tube (5) prepared as in Fig. 1. Cleaner cuts of aliquots are obtained if the 
lower end of the siphon tube and the tip of the funnel are heated, dipped into 
molten paraffin, and the excess is shaken off to give a thin film of wax. 

To operate the pipette, the stopcock is opened, air is forced through the 
short length of tubing fitted into the flask's stopper, and the stopcock is adjusted 
to a convenient rate of flow. Capillary attraction will allow the siphon lube to 
operate just before the level of the solution reaches the top of the Kalin tube. 
Since the rate of flow through the siphon tube must exceed that through the 
delivery tube, the level of the liquid in the Kahn tube will fall until it reaches 
the end of the siphon tube when the flow through it will cease. When the 
liquid again reaches its former height, the siphon will operate as before. Thus, 
uniform amounts of solution are automatically delivered into the funnel through 
which they may he directed into the test tubes 

In using the apparatus to pipette many aliquots, we have found it con- 
venient to shove the test tube lack along with one hand, the other moving the 
funnel suspended by a rubber hand down into the mouths of the tubes consecu- 
tively as the portions are delivered 

Although it has been found as accurate (0.1 c.c.) as 10 c.c. Mohr measuring 
pipettes, it is well to check the volumes delivered and at the same time provide 

Received for publication, Jan. 20. 194-1 
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practice in its use with lap water in the flask. The shorter arm of the siphon 
tube may have to lie lengthened or shortened, depending on whether the quanti- 
ties expelled are too little or too much. 



Fig. 1. — 1 , 3 L. flask ; 2, 4 mm. delivery tube ; 3, stopcock ; ■/. Kahn tube ; 5, 4 mm. siphon tube , 
6, 2-inch funnel suspended on rubber band from iron ring. 

The smooth operation of the pipette depends partially upon surface ten- 
sion. Hence, the upper part of the siphon tube should be cleaned thoroughly 
by dipping it into strong cleaning solution and rinsing in tap and distilled 
waters just before using. A useful refinement is to seal another stopcock in 
series with the one already present. Thus, one will serve to turn off and on the 
flow of the solution completely without disturbing the other which is adjusted 
to the proper rate of flow. 

X wish to express appreciation to Miss Sarali G. Miller, Major John T. Cuttino, and 
Sergeant James Mori for many helpful suggestions. 



A SIMPLE APPARATUS FOR PERIODIC TESTING OF 
P. NOTATUM FLASK CULTURES 


Fanchon' Hart, F.D.A., B.S., M.A., and Bernard L. Blumberg, B.S., Piiar.D., 
New York, N. Y. 


R ECENTLY the authors were interested in obtaining small quantities of 
penicillin broths for a research problem. Production of penicillin was 
carried out in Erlenmcyer and Fernbaeh flasks by growing P. notatum in sur- 
face culture on yeast extract -carbohydrate-mineral salt medium. During these 
experiments potency tests were made at intervals in order to determine the most 
appropriate time for harvesting the broth. At first the quantity required for 
potency test wax removed by pipette, but since tlii* necessitated some handling 
of the flask with consequent disturbance of the culture, the apparatus 
diagrammed below was devised. This setup is easily constructed from ordinary 
laboratory equipment, and should be useful generally for investigations on 
metabolism broths which are to be tested periodically for antibacterial potency 
and perhaps other properties. 


EXPERIMENTAL 

The siphons were assembled and attached to 7f>0 ml. Erlenmcyer or 2,S00 
ml. Fernbaeh flasks. One hundred or 150 ml. of medium was added to the 
Erlenmcyer, and 400 or 600 ml. to the Fernbaeh flasks. Cotton plugs were in- 
serted in the mouths of the flasks and the tops were covered with paper in 
the usual manner. After the siphon had been started by applying suction to 
the mouthpiece, the pinchclamp was closed, and the protective sleeve was slipped 
around the mouthpiece. The entire unit was then autoclaved at 121° C. for 
twenty minutes. The siphon remained filled after autoclaving, ami liquid could 
be withdrawn from the flask at any time by releasing the pinchclamp. 

The sterile medium was seeded by pipette with an aqueous spore suspension 
of P. notatum. Cultures were incubated at 23-24° C. When a quantity of 
metabolism broth was required for potency testing, a sterile tube, outside 
diameter 9 mm., previously marked at the 4 ml. level was inserted up to the 
mouthpiece, and 4 ml. of liquid was withdrawn. This volume which represented 
about 20% more than the predetermined total volume of the siphon was regarded 
as the contents of the siphon and was set aside. An additional 2 ml. was then 
drawn off into a second sterile marked tube for potency testing. In this manner 
the broth in the siphon from the previous test was removed each time before 
the quantity for potency testing was taken. 

Using routine aseptic precautions, this procedure was repeated eight times 
over a period of sixteen days on some of the flasks. No obstruction of the 

From the Division of Bacteriology, Columbia University School of Pharmacy. 
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siphon or contamination of the culture was noted in any instance. The morpho- 
logical characteristics and rate of growth of the culture appeared the same in 
flasks with and without the siphon attachment. 



Fig. 1. — Api arattts. .-I, glass tubing, outside diameter I mm., wall thickness 1 mm., tod d 
length 15 inches (9 inches inside flask, and G inches outside) ; B, blood pipette rubber tubing, 
length 8 inches ; C, pinchclamp ; /), rubber tubing, outside diameter 12 mm., wall thickness <s 
mm., length 8 mm. Protective sleeve secured on this; E. blood- pipette motithpiece; F, pro- 
tective sleeve: glass tubing, inside diameter li mm., length 85 mm. ; G, No. 1 cork stopper as 
wedge to hold siphon stationary. 


SUMMARY 

The removal of small quantifies of metabolism broth from culture flasks 
with little disturbance of the culture can he accomplished by the technique and 
apparatus discussed herein. It seems reasonable to assume that this method 
might be applied to studies on other fungi which grow similarly where il is de- 
sired to test not only the potency of the broth but also changes in pH. By 
assembling three or four siphons on a single flask, it should be possible to follow 
pH and potency periodically at various locations and levels in the medium. 


MAINTENANCE OF MOISTURE IN BACTERIOLOGIC 
CULTURE MEDIA 


George II. Chapman, New York, N. Y. 


M ANY laboratories prepare culture media and store them for future use but 
they do not seem to have appreciated the effect of partial dehydration 
caused by evaporation of moisture from the surface. For example, wo have 
often received cultures on slants of Loeffler’s blood scrum medium or on blood 
agar that had become excessively dry. Many microorganisms thrive best in 
the presence of abundant moisture. Also the concentration of ingredients is 
affected by dehydration. Hence it is essential to minimize losses of moisture. 

In this laboratory, Petri dishes with porcelain covers glazed on the out- 
side are poured approximately 25 ml. each and are stored in an electric refrigera- 
tor. The average loss from evaporation, judged by loss of weight, is 0.10 ml. per 
day. Consequently, the date each medium is poured is noted on a slip of paper 
which is attached to the set of dishes. When a plate is needed sterile water is 
added, 0.10 ml. for each day since it was poured, and is spread lightly by a 
sterile glass spreader. The plate is allowed to stand about a half-hour and is 
then inverted to drain off any unabsorbed moisture. It is then ready for use. 

We have kept different types of blood agar and media containing critical 
concentrations of bacteriostatic agents for considerable periods of time and have 
found them entirely satisfactory while other plates from the same lot but 
not so treated gave poor results. 


Prom (Ilf Clinical Research Oaborolou. New Yolk. 
Rec**ncd for publication. March 10. 1944. 



A VIEWING DEVICE FOR READING KAHN REACTIONS 


Floyd Sell, B.S., Detroit, Mich. 


A VIEWING device is herewith presented which permits the reading of 
Kahn results without the need of removing the tubes from the Kahn rack. 
It also permits the reading of individual tubes, when necessary. 

The device is so constructed as to permit the transmission of light originat- 
ing from a daylight fluorescent lamp in such a manner that any precipitate 
present in the test tubes is illuminated and readily observed in contrast with the 
clear liquid in which the precipitate is suspended. The device contains shields 
for the purpose of excluding all extraneous light from the observer's eye. The 
standard Kahn rack is attached to a tilting lid, thus making possible fine adjust- 
ments of the position of the rack, to suit individual workers. 


DESCRIPTION OF THE VIEWING DEVICE 

The device is enclosed in a hardwood box, measuring approximately 19 
x 5 x 6 inches, thus requiring a minimum of space. The box opens with a lid 
which carries on its underside the holder of the standard Kahn rack. The lid 
can be fixed by means of a screw at an angle best suitable to the reader. Space 
is provided at either side of the rack holder where single tubes can be viewed 
for more detailed study after having been lifted from 1 he rack. A 15 watt day- 
light fluorescent lamp with its auxiliaries is attached to the bottom of the box 
(Fig. 1). The underside of the lid is painted flat grey and the inside cavity of 
the box, black, to provide a dark background ; a flat black baffle is used to 
screen out all excess light. The bottom of the box is slightly curved in order 
to permit some motion of the box and corresponding motion of the fluid in the 
tubes as it is observed for the presence of precipitates. A diagrammatic plan 
of the viewing box is presented in Fig. 2. 


PROCEDURE OF READING 

The rack with tubes containing the completed Kahn test is p'aced in the 
rack holder (on the underside of the lid) and the lid is fixed at such an angle 
that the tubes are almost horizontal to permit observation of a thin later of 
solution. The observer directs his eyes at the tubes at such an angle as to 
receive as little extraneous light as possible (Fig. 3). The tipping of the box 
causes the fluid in the tubes to undergo slight motion thereby permitting bettei 
distinction between precipitates and scratches which may be present on the vails 
of the tubes. If desired, a single tube may be taken out of the rack and tietted 


From tlie Laboratories of the Detroit Edison Company. 
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at either sides of the rack in a horizontal position parallel to the axis of the 
lamp. All readings on this device should be made preferably in a darkened 
room. 

fir OBSERVER 


\ 

\ 

\ 



SCHEMATIC SECTION 

Fig. 3. 


SUMMARY 

A viewing device for the Kalin test is described which makes possible the 
reading of precipitation results of an entire Kahn rack or of individual tubes 
with relative case. 

The author wishes to thank Ur. John Kasper of the Detroit Health Department Lab- 
oratories and Dr. R. L. Kalin of the University of Michigan, Ann Arbor, for assistance in 
this work. 



A KAHN VIEWING DEVICE WITH STANDARD ILLUMINATION 
FOR READING TUBES IN THE RACK* 


Muor Reuben Casks, M.C. 


T HE need for standardizing reading of three-tube flocculation types of 
serology tests is especially marked when the light conditions can, and do, 
fluctuate. Many, if not most, laboratories read results by window light. Several 
textbooks 1 ' 2i 3 describe how window or other light sources can be adjusted so 
that some standard or uniform illumination for reading serologic test tubes will 
result. Obviously, the time of year, or day, the presence or absence of clouds or 
sunlight will all affect not only the quantity of light but even the nature of light 
on the tubes. All other conditions being equal with regard to the technique, the 
marked range in light between a gray overcast winter sky and the brilliant blue 
summer sky can affect the accuracy of the individual worker in interpreting 
degrees of precipitation in these test tubes, particularly in borderline positive- 
negative zones. 

The reading devices now available on the market do feature constant illumi- 
jiation for the tubes, but they require removal of the tubes of each test from 
the standard Kahn rack to the instruments. Where large runs of flocculation 
tests are performed, most workers choose the easier and more rapid method of 
reading the entire rack of 10 tests in either window light or in some convenient 
lamp light. Homemade devices using a uniformly illuminated light-box back- 
ground are, of course, a substitute for varying daylight source. The usual dis- 
advantage of such an arrangement is reading of the tube suspensions against a 
bright background. Generally all, or a great part of a rack, is viewed at one 
time. Eyestrain may cause lower reading efficiency. Since the brightness range 
between such a light source, and the general laboratory illumination may be too 
great, the resultant strain may, of course, lower accuracy in reading finer pre- 
cipitates. Similar strains have been studied by Lowry* in connection with view- 
ing motion pictures. A brief discussion of eyestrain factors in laboratory tests 
requiring fine observation will be found below. 

FEATURES OF KAHN RACK VIEWING DEVICE (SF.F. STOURES) 

The device presented (a) eliminates a variable light source, (b) introduces 
the feature of side lighting against a dark or black background (admittedly the 
most critical type of illumination), and (c) allows handling of the tubes without 
removal from the racks used throughout the procedure. It .can easily be con- 
structed out of simple materials and is applicable to any test of the flocculation 
type requiring the standard Kahn rack. As will be noted in Fig. 1, the light 
source employs oblique lighting with reference to the optical axis of the labora- 
tory worker." The angle of 13° from the perpendicular is that of maximum 

•From the Laboratory, Station Hospital. Camp Cooke, California. 
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acuity with reference to any three-tube test in the rack. The first or last of (lie 
tests in the rack can he read under the same ]ight conditions as any intermediate 
test. It will be noted that this particular angle places the back tube, with respect 
to the light source, exactly between the other two tubes based on projection lines 
parallel to the axis of the light source. Similarly the front tube with respect to 
the viewer’s line of vision occupies the midpoint between 1 lie other two tubes 
(middle and back tubes) based on projection lines parallel to the optical axis. 



Fig. 1. — Optical features of Kahn viewer. 

A — Panel of viewing tube. 

B — Front panel of lamp house. 

C — Back panel of lamp house. 

D — Viewing tube. 

E — Adjustable lamp base. 

F — Floor of trough for Kahn rack. 

G — Lamp housing. 

H — Tube for light beam. 

I — Standard projection lamp — T8V», 100 

w„ 115 v. 


J — Clear blue glass filter. centering 

c — Set screw for adjustment and centering 
of lamp filament. 

J=^rsmeld Si ^r V e”ew alignment. 

^o n nt ar s d erS a osfc tube (lowest dilution). 
i'm — Middle tube, 
rb — Back tube. 


Since only one test with its three tubes is read at a time, the field of view 
of the rack is best confined, as much as is practicable, to the three tubes of 
this particularly numbered test. Moreover, the tubes examined received the 
maximum amount of light and so allow visual disregard for the tubes of ad- 
jacent tests in the rack. 
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While the light souree, which is fixed, will form a field of illumination of 
constant dimensions, the same does not hold for the field of view in the viewing 
tube. Obviously, with a fixed diameter aperture for the viewing tube, the nearer 
the eyes the greater is the angle of vision and the more tubes would be visible. 
The dimensions of the viewing tube, which is adapted for unaided binocular 
vision, were determined by the average eye*to-object reading distance of 10-12 
inches and an average intei'pupillary distance of 66 mm. Such variations as 
exist in reading distance or pupillary distance among serological technicians may 
be readily and almost unconsciously adjusted for by changing eye-to-objeet 
distance. 



Fig. 2. — Isometric perspective of Kahn viewer. 


Fig. 2 is a perspective of the viewing device. This consists essentially of a 
trougli through which the Kahn rack may be slid, a viewing tube, and a light 
source in an appropriate lamp house with illumination directed through a light 
tube at a fixed oblique angle. 

It will be noted in the front view of the device (Fig. 3) that the panel A of 
of the viewing tube reaches only to the top level of the Kalin rack. This is so 
that all the tubes can be surveyed at a glance for ready reference. The side 
cut-outs of hotli the viewing tube panel and the front panel of the lamp house 
will allow ready grasp of the rack at either end for shaking or other manipula- 
tion. In this way almost as much freedom in handling and reading of the ten 
three-tube tests in a rack is afforded as would be the case in reading by the usual 
window light. 
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A few minor refinements are incorporated in this device which require 
slightly extra equipment or added construction details. The blue glass filter J 
tends to give sharper definition of fine precipitates than straight Mazda light. 
The lamp block E with a set screw IC allows ready adjustment and centering of 



n. 

Fig. 3. — Various aspects of device. 

the point source of illumination of the concentrated projection filament bulb em- 
ployed. The lamp housing, being constructed of W' plywood, must be of neces- 
sity somewhat more spacious than a metal housing. The latter could be con 
structed at somewhat greater cost of time and labor. 





CAKES: KAHN VIEWING DETOE 759 

The table for housing the device (Pig. 4) is designed to be placed on the 
laboratory bench of 42" average height. When the viewer is placed into the 
appropriate cut-out in the table top, the tubes in the rack will be at the average 
eye level used in reading flocculation tests. The height and outside dimensions 
of the table may be altered to suit the individual laboratory. The table elimi- 
nates the necessity for holding the racks and frees both hands for recording of 
tests or for rela ted proced tires. 




C 

© o o 

1 


B 
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BACK VIEW 

# 
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Fig. 3 Cont'd.— For legend see opposite page. 


SUGGESTED REFINEMENTS AND IMPROVEMENTS FOR VIEWER 

Basically the device consists of a directional trough for sliding the Kahn 
rack into the field of view of a peep tube. A number of refinements for increas- 
ing the usefulness of this device are offered. These fall roughly into 3 groups — • 
optical, mechanical, and those related to constructional material. 
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a. Suggestions for Optical Improvements. 

1. A magnifying lens of 2-4 power may be incorporated in the body, end, 
or base of the viewing tube. A slot for ready removal or insertion of such a lens 
can be made. 

2. The viewing tube, of rectangular or cylindrical form, may be in telescop- 
ing sections for ready adjustment by the individual worker. A more complicated 
binocular tube arrangement can be constructed which should, of course, readily 
adjust for various pupillary distances. 

3. The aperture at the base of the viewing tube, i.e., nearest the Ivahn rack, 
could be widened by a sliding panel to include several sets of tubes for compari- 
son of tests. 



Fig. 4. — Isometric perspective o£ table for Kahn viewer. 


4. The entire device could be further simplified by eliminating the lamp 
housing G and substituting a standard microscope lamp of sufficient light 
strength. Naturally the angle of the incident light on tubes should be as near as 
possible to 13° from the perpendicular with reference to the long axis of the 
trough (and the rack). Otherwise the glare from a more oppositely placed hac-k 
light may cause visual discomfort to the examiner. 

5. A simple frosted glass bulb may be substituted for a projection bulb as a 
light. However, to prevent the glare from this broader light source the length 
of the tube for the light beam would have to be increased. This is to insure that 
the reader does not see the lamp in the field of view of the test tubes. Naturally 
the longer the light beam tube the less possible will it be to catch a glimpse of 
the light source through the viewing tube due to the diverging angles (see Fig. 
1). The intensity of incident light will fall off if a long light tube is used, so 
increased wattage may be needed. 

6. A precision optical set-up with lamp mirror', designed along film P r0 ' 
jector lines may 4 5 6 7 be used. It can be incorporated in the lamp housing. 

b. Mechanical Refinements. 

.1. An arrangement for tilting the level floor of the trough for the rack 
(F in Fig. SB) for reshaking tube precipitates could be used. 




(‘AUKS: KAHN* VIEWING DEVICE ?6l 

2. The view tube and tube for the light beam may be made of tubular 
material with rectangular masks inserted at the tube ends. Since the position 
of the apertures of both the light and viewing tubes are designed to illuminate 
only those portions of the three tubes which contain the solutions, reflection 
or glare from Kalin tube glass above the level of the fluid is minimized. Such 
rectangular masks of various sizes can he easily constructed so ns to slip on 
readily over the end of the circular or rectangular eye tube. 

3. The light shield -1/, as shown in Fig. 1, can be made adjustable to ex- 
clude direct rays of the light source from the field of view. It will be noted 
that the line of vision of the left eye of the observer will permit some direct 
light glare into this eye. The light shield when in place will not interfere 
with binocular vision. 

e. Materials of (Vmstruetion. 

1. Since the mechanical strength of the viewer requires only sufficient 
sturdiness to sustain the weight and manipulation of one loaded Kahn rack, 
alternative materials may he used All inside dimensions being maintained, 
some reduction in the hulkiness of the viewer phis its sustaining table can be 
effected by utilizing sheet metal. Substitutes for plywood may be used. 

2. It is even feasible in some laboratories to build-in the apparatus into 
the wall above the serology workbench so that only a trough and the eye-tube 
project from the wall above the workbench. An artificial window effect is 
thus obtained. 

3. For those workers who prefer the area surrounding the reading device 
to be fairly dark, a broad panel, either fixed or removable, can lie attached to 
the back of the lamp housing so no extraneous back lighting would interfere 
with reading. This would apply, of course, particularly when the apparatus 
must be placed near or in front of a window necessary for laboratory light or 
ventilation. 


THE PROnM’.M or EYESTRAIN IN READING OF TESTS 
It may be appropriate to comment on the variation in visual acuity among 
laboratory workers from too rapid or too marked a contrast in laboratory 
illumination. As with other instruments like the microscope, which require 
concentration on focusing, eyestrain can result from close observation of tiny 
particles in flocculation tests. Eyestrain has two frequent causes — lack of 
exercise of lenticular accommodation, and too marked a contrast between gen- 
eral laboratory illumination and illumination within an instrument such as the 
microscope. 0 Similar conditions obtain when reading fine, colorless precipi- 
tates of flocculation tests. If retinal adaptation between low laboratory room 
lighting and too bright instrument illumination becomes too extreme in range, 
visual fatigue and subsequent impairment of accuracy in reading flocculation 
tests may follow. Where one individual may have to read, as is not unusual, 
up to several hundred sets of Kahn tests, the errors arising from flagging visual 
accommodation may be an important justification for a second reading of the 
test by the same individual ten minutes later or by a checking associate. 

Since this device is designed to minimize glare and to provide critical 
standard illumination by side-lighting, eycstiain as a procedural error is largely 
combated. 
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SUMMARY 

A device is described which can be simply constructed. It has two main 
advantages : 

a. A constant light-source for reading tube flocculation tests. 

b. The convenience of using the Kahn rack without removing the indi- 
vidual tubes. 

The factor of eyestrain in reading of serologic flocculation tests is dis- 
cussed. The Kahn viewing device presented attempts to minimize this source 
of error. i 
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THE MACROSCOPIC DETERMINATION OP BLOOD GROUPS A AND B 


Caft. Lawrence I,. Swan, M.C., A.U.S. 


T HE present emergency lias necessitated the blood grouping of large numbers 
of individuals, both civilian ana military. It is of paramount importance 
that tile methods used be as rapid as compatible with a high degree of accuracy. 
In Britain blood group determinations have been performed on a large scale also, 
and a blood transfusion research committee appointed by the Medical Research 
Council lias published recommended methods now to be followed by all trans- 
fusion services of Britain. 1 

The method herein described was evolved after many trials and lias been 
found to be highly satisfactory because of its simplicity, rapidity, and accuracy. 
An effort to determine the accuracy of the typing, resulted in the calculation of 
the incidence of a large number of blood groups determined by this method. 

PREPARATION OF TYPING SERUM 

It is well known that the agglutinin titer ill individual serum varies 
markedly, and Tlialhimer and Myron 2 found a range from 1 :7 to 1 :44S. Pooling 
of serum is obviously the most economical of time and equipment to obtain a 
typing scrum of average iso-agglutinin level. 

Each type of scrum is obtained from 6 or more healthy, young adult males. 
Blood from each individual is kept separate in 50 c.c. centrifuge tubes and 
allowed to coagulate in a refrigerator overnight. The tubes are then reamed 
and centrifuged, and each tube is retyped before the serum is removed and 
pooled. 

A 5 per cent phenol preservative in physiologic saline is added to the serum 
in the proportion of 1 :9. This results in an immediate precipitation of protein 
which redissolves, to a large extent, upon the complete addition of the phenol. 
The protein precipitation may he partially eliminated by agitation of the serum 
as the phenol is added. 

The pooled scrum is divided into 3 c.e. amounts in Wassermann tubes, 
tightly stoppered and stored in a refrigerator. One drop of methylene blue is 
added to each tube of Type A serum for the purpose of differential coloring. 
Immediately before use, an equal amount of physiologic saline is added to the 
serum. Specimens of serum stored in excess of 6 months have not decreased ill 
titer or agglutination time. 

TITRATION OF TYPING SERUM 

It lias been found that tlic results of various techniques of titration vary 
considerably. The method used here involves pooled sensitive cells as well as 
pooled serum. The final measure of a successful typing serum is not the titer 
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of agglutinins alone, but the rapidity with which macroscopic clumping occurs, 
for there is little correlation between titer and agglutinating time. At the time 
blood is drawn approximately a 2.5 per cent suspension of cells in physiologic 
saline is made from each donor in separate tubes. The content of these tubes is 
pooled prior to the titration. The cells not incorporated in the clot may also he 
used after the serum has been removed. 

The details of the titration technique' are similar to those described by 
Wiener.® The final tube is the dilution in which clumps of 3 to 4 cells may 
be detected microscopically. The titer of Type A averages 1 :32 and of Type 
B, 1:128 by this method, and definite clumping occurs within 15 seconds. 

METHOD OF BLOOD GROUPING 

Our experience, and that of others, 1 2 3 4 would indicate that the macroscopic 
method of blood typing adapts itself satisfactorily to conditions necessitating 
speed, accuracy and economy of equipment. 

A piece of plate glass divided into forty % inch squares is placed on a 
white background. Two or three drops of diluted serum are placed on the plate 
in the rows labeled A and B respectively. To this is added a small amount of 
whole blood from the finger which is pricked by an assistant at the left of the 
individual adding blood to the serum to make the mixture a light pink, thus aid- 
ing in the elimination of pseudo-agglutination. The blood types are read and 
recorded at the end of three minutes and cheeked after the elapse of seven 
minutes. 

INCIDENCE OF BLOOD GROUPS 

A statistical analysis of the blood groups determined by the described 
method was found to be within the range accepted by most authorities. A total 
of 65,350 blood groups were studied. Of this number 61,561 were a heterogenous 
group of Caucasian males, and 3,7S9 were Negro males. 

The incidence and distribution of blood groups is shown in the accompany- 
ing table. The increase in the percentage of Type B at the expense of Type A 
among those of the Negro race is noteworthy and has been discussed previously 
by anthropologists. 


Distribution axi> Incidence ok Blood Gkoups A and B 
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summary 

1. The preparation of pooled typing serum for the determination of blood 
groups A and B is described. 

2. Phenol in physiologic saline is used as a preservative. 

3. The technique of titration involves the use of a pooled suspension of lC ^ 

cells. Type A averages 1 :32 and Type B averages 1 :12S, 
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4. There is little correlation between agglutinating time and agglutinin 
titer. 

5. The blood groups are determined macroscopically on a plate glass 
divided into forty % inch squares. 

6. A total of 65,350 blood groups determined by this method were studied, 
and the incidence of Caucasian, Negro and the combined types was within 
acceptable percentages. 
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STABILIZING SERUM FOR BLOOD TYPING 


Titus B. Ray, B.S., and Truman Nelson, A.B., Jackson, Mich. 


H OSPITAL laboratories, clinics, and private doctors who do a large amount 
of blood typing, usually have difficulty in preserving blood serum which 
has been collected and pooled from various sources. The following technique has 
proved very reliable and satisfactory over a period of the past five years in 
which it has been employed. 

The only special material required for the following procedure is cellophane 
tubes which may be secured through almost any laboratory supply company 
for a few cents. There are two types of moisture-proof cellophane tubes 
which may be used for dehydrating the serum. One, a 29 x 200 mm. tube which 
is closed at one end; the other, a plain cellophane tubing which may be converted 
into a U-shaped tube and suspended by clamping both ends to a support. This 
method of suspension allows free circulation of air during the process of dehydra- 
tion. Preference is given to dehydration by fanned air for it has been found 
more satisfactory. 


PROCEDURE FOR DEHYDRATING SERUM 

1. Collect type two (2) and type three (3) serum over a period of three 
weeks or more and pool in containers according to the corresponding type. 

2. Pour type two (2) serum into one cellophane tube and type three (3) 
serum into a similar cellophane tube. 

3. These tubes are suspended on a support directly in front of an electric 
fan, approximately two feet away. Leave the tubes in this position until the 
serum has become completely dehydrated by air from the fan. The dry serum 
may remain in the cellophane tubes, stored in an ice box until ready for use. 

PREPARING SERUM FOR USE 

1. Loosen the dehydrated serum from the cellophane tubes by rotating m 
the palm of hand. Weigh out three (3) grams each of type two (2) and type 
three (3) dehydrated serum and pour into Pyrex flasks bearing respective 
labels. 

2. Add 35 c.c. of physiologic saline to each flask and rotate five minutes 
until thoroughly mixed. 

3. Place both flasks in ILO bath at 56° C., rotating occasionally until the 
serum is completely dissolved. Keep in icebox when not in use. When doing 
blood typings with dehydrated typing sera, use the same as when employing 
routine typing sera. 

ADVANTAGES 

1. Serum prepared this way keeps indefinitely. It has been used up to 
eight months with accurate results. 

2. No preservative is required. Foreign matter does not accumulate as wr 1 
regular blood typing serum which is pooled from various sources. 

3. It is accurate, time saving, very inexpensive, and an advantage to a 
laboratories, large or small. 
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DETERMINATION OP PHENOL COEFFICIENTS IN PRESENCE OF 
SURFACE TENSION DEPRESSANTS 


Walter C. Tobie, Ph.D., and Martha L. Orr, B.S., Stamford, Conn. 


U SING the Food and Drug Administration (F. D. A.) method 1 for determin- 
ing phenol coefficients, it was found that Aerosol OT (di-2-ethylhexyl 
sodium sulfosuccinate) had a distinct action in potentiating the germicidal 
(or bacteriostatic) action of phenol, eresol, and phenvlmercuric nitrate against 
Staphylococcus aureus at 37° C. Details will be published later. Early in the 
work, it was noticed that although the potentiation was very evident, the results 
of the inoculation from the medication mixture were very erratic, particularly 
at the time when killing began to be fairly complete. The results checked poorly 
in repeat determinations, higher dilutions of the potentiated germicides occa- 
sionally appearing to kill the bacteria when lower dilutions did not. Since it was 
noticed that the drops of mixture taken for inoculation were greatly reduced 
in size if Aerosol OT was present, the effect of the reduction in volume of inocu- 
lum was studied. 

The standard loop used for inoculating in the F. D. A. method for phenol 
coefficients consists of a No. 23 Brown and Sharpe gauge platinum wire, with 
a loop 4 mm. in inside diameter, bent at a slight angle to the straight part of 
the wire, which is set in a handle or holder. In making inoculations, the tube 
of medication mixture (containing 5.0 c.c. of diluted germicide and 0.5 c.c. of a 
24-hour culture) is held at an angle so that the loop can be lifted perpendicu- 
larly from the surface of the liquid at given intervals of time, before being 
transferred to the culture tube. 

Under normal conditions, it is possible to obtain drops of fairly uniform 
size and volume. This is not the case in the presence of appreciable amounts of 
Aerosol OT, since the reduced surface tension causes the formation of drops 
which are not uniform in size, but which on the average are much thinner and 
flatter than usual, amounting to possibly 10 to 20 per cent of the volume of nor- 
mal sized drops. Aerosol OT also usually produces a foam over part of the 
surface of the medication mixture, and if a drop of inoculum is lifted through 
this foam, its volume is reduced to a thin film like a soap bubble. When such 
films break (as is often the case), the remaining liquid amounts to only a few 
minute droplets along the wire of the loop. 

Thus with reduced surface tension, it is apparent that the number of bac- 
teria taken for inoculation is reduced in proportion to the diminished size of the 
drop. When large numbers of viable bacteria are present, the difference in size 
of drops is of little importance. The main error occurs after the numbers of 
bacteria have been greatly reduced by the action of the germicide. If, for ex- 
ample, only 5 viable cells remain in the avdrage normal-sized drop, the inocula- 
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tion will give a distinct growth. But it the size of the drop is reduced to 10 per 
cent of normal volume, then statistically the average drop of reduced size will 
eoptain only half a viable bacterial cell, so that some of the drops will contain 
no living bacteria at all, and will give no growth. Since the drops are not 
uniformly reduced in size by the Aerosol OT. the irregular results are readily 
explained. 

Although the action of surface tension depressants in diminishing the vol- 
ume of inoculum is of considerable importance, it seems to have attracted little 
or no attention. Thus Gershenfeld and collaborators 2 ' 3 who have done most 
of the studies on potentiation of germicides by surface tension depressants, used 
the standard F. D. A. methods in most of their work, but do not mention any 
reduction in drop size. 

To determine the size of the standard drop, 10 drops of distilled water were 
carefully taken on a standard loop, and struck off into a homeopathic vial. 
The increase in weight of the vial was then determined. The total weight of the 
first 10 loopfuls was 0.1014 Gm., that of the second 10 loopfuls was 0.2036 Gm. 
Thus the weight of the average drop is 0.0197 Gm, or very close to 0.02 Gm. 
(0.02 c.c. ). 

To obtain 0.02 c.c. of medication mixture for inoculation in the presence ol 
Aerosol OT, sterile 0.2 c.e. Kahn pipettes, graduated to 0.001 c.c., were used in- 
stead of the loop in all inoculations. With such pipettes, 0.02 c.c. of medication 
mixture was easily taken, whether or not Aerosol OT was present. 

Using the pipette technique, Aerosol OT did not appear to potentiate the 
germicides to quite as great a degree as when the loop was used, but different 
runs gave bettor checks, so that the results were much more consistent. Thus 
it was possible to measure the true potentiation, rather than the potentiating 
action plus the effect of a considerable but variable reduction in the volume of 
the inoculum. 

SUMMARY 

In the presence of substances such as Aerosol OT, which materially reduce 
surface tension, the size of the drop taken for inoculation on the loop in the 
standard F. D. A. phenol coefficient method is greatly, but not uniformly, re- 
duced. Consistent results are hard to obtain, and apparent potentiation is 
greater than is actually the case. These difficulties may be overcome by taking 
0.02 c.c. of the medication mixture in a sterile pipette for inoculations. 
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A METHOD FOR THE RECOVERY OF PENICILLIN FROM THE URINE 


Lawrence H. Sophian, M.D., Senior Surgeon (R) USPHS 
U. S. Marine Hospital, Staten Island, N. Y. 


I N THE course of introducing penicillin into clinical use in this hospital, it 
became apparent that the supply would be limited for a considerable time. 
Since it is known from previous reports (1) that over SO per cent of a dose 
of penicillin administered intravenously appears in the urine during the first 
hour thereafter, we decided to attempt extraction and reclamation of excreted 
penicillin and to tost its efficacy as a therapeutic agent. The principles of ex- 
traction are identical with those followed in the manufacture of penicillin. The 
problem is somewhat easier than that of extraction from cultures of penicillium 
because the urine contains none of the toxic and pyrogenic fractious which arc 
a source of considerable difficulty. Urinary content of penicillin varies with the 
•size of the dose. When 10,000 units arc being administered at intervals of three 
hours by the intramuscular route, the urine contains from 25 to 40 units per 
cubic centimeter. With larger dosage, we have found some samples of urine 
containing 125 units per cubic centimeter. Such concentrations enable one to 
make a satisfactory extraction of the major portion of penicillin by a single 
acidification and elution with an organic solvent immiscible with water. For the 
sake of simplicity, we have confined ourselves to such a procedure, although a 
small increase in yield results from multiple extractions. 

A large container is kept in the icebox for collection of urine from patients 
under treatment with penicillin. The collections may be made over a period 
of forty-eight hours without loss of penicillin. 

The urine is acidified with concentrated hydrochloric acid and brought to a 
pH of 2 ns determined by the color change produced with methyl violet indicator. 
Approximately six to seven cubic centimeters of acid are needed for each liter 
of urine. 

Amyl acetate is added to the urine in a proportion of one part to three of 
urine. A 2 'cservoir bottle with an outlet at the bottom serves as a convenient con- 
tainer for mixing. The mixing of the urine and acetate is accomplished by 
inversion of the bottle twelve or fifteen times. Too much agitation should be 
avoided to prevent foaming. 

The bottle is placed in the icebox for four hours to allow separation of the 
urine and acetate. The urine is then drawn off through the lower outlet, leaving 
the penicillin dissolved in the amyl acetate. Any foamy middle layer is passed 
through several thicknesses of gauze and from it as much amyl acetate recovered 
as possible. 
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The amyl acetate extract is now transferred to a separatory funnel of one 
liter capacity. Approximately 20 c.c. of phosphate buffer solution are added 
to it for each liter of amyl acetate. The buffer is prepared by mixing approxi- 
mately one part of sodium acid phosphate to two parts of disodium phosphate 
by weight, adjusting to pH 7. After mixing the buffer solution with the 
amyl acetate, some color (representing the pigment which occurs along with 
penicillin) will be seen to transfer to the buffer solution. The pH of the buffer 
solution is now adjusted to pH 6.5 by gradual additions of 5 per cent sodium 
carbonate solution or of two normal sodium hydroxide solutions. By using the 
latter, less dilution will occur so that a more concentrated final product null re- 
sult, but more care must be exercised in order not to pass into the alkaline range. 
The pH is determined by testing of single drops of the solution with broni 
thymol blue indicator, agitating thoroughly after each addition. "When pH 
6.5 is reached, practically all the color will have passed from the amyl acetate 
solution into the buffered aqueous solution. The transfer of penicillin is al- 
most quantitative. The separatory funnel is placed in the icebox for six hours 
to complete the separation and the amyl acetate is then drawn off. The amyl 
acetate may be saved and used again. 

Additional fractions of amyl acetate extract may be added to the aqueous 
solution of penicillin in the funnel so that greater concentration may be effected 
into the same small volume; each time the minimal volume of alkaline solution 
is added to return the reaction to pH 6.5. With increasing concentration of 
the extract, the color of the solution approaches that of coffee. 

Testing for activity of penicillin is done by the dilution method against 
staphylococcus H, as described by Hamre, Rake, et al. 2 A satisfactory product, 
is then Seitz filtered into sterile vials. Useful concentrations of three thousand 
units of penicillin or more per cubic centimeter may lie obtained. The yield 
with this method has been approximately thirty per cent of the amount admin- 
istered to the patients. For every one million units given the patient, three 
hundred thousand units can be recovered in a form suitable for re-use. 

A test for toxicity is made by injecting one hundred thousand units intra- 
venously into one or more rabbits. Thus far, no toxicity has been encountered. 
Since the titration of the extract for activity and the testing for toxicity repre- 
sent the most involved steps in the process, it is suggested that a number of 
extractions be pooled and concentrated as much as possible and that a sample 
from the total be titrated and tested. Two hundred cubic centimeters or more 
of the concentrated deeply colored extract are usually collected by us before 
testing. 

The aqueous solution of the filtered extract is kept in an icebox in vials 
until used. The extract has been used in doses equivalent in amount to the 
commercial product in patients with gonorrheal urethritis in this hospital with 
equal effectiveness and -without reaction. Storage for sixty days at -10° C. 
demonstrated complete maintenance of anti-biotic activity. 

Extraction of penicillin from urine and its re-use in patients was reported 
by Abraham, E. P., Chain, E., et al., 3 and they noted that pyrogens contained 
in the original penicillin preparation were removed by passage through the 
body. Their paper contains no description of the technique of recovery. 
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SUMMARY 

In order to extend the available supply of penicillin, adaptations have 
been made of the methods employed in penicillin production and a simplified 
technique is described by ■which penicillin can be reclaimed from the urine of 
patients receiving it. Extraction and titration by this method can be per- 
formed with apparatus and materials available in an ordinary hospital lab- 
oratory. An average yield of 30 per cent of the administered amount has been 
obtained, and the antibiotic and pharmacologic effects have been identical with 
those of commercial penicillin. 
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THE DETERMINATION OF TOCOPHEROL IN BLOOD SERUM 


Ann S. Minot, Ph.D., Nasiivii.le, Tkxx. 


M ORE determinations of the tocopherol content of human blood sennit are 
needed in studies of vitamin E in human nutrition and in attempts In 
demonstrate whether or not lack of vitamin E may play a role in certain 
pathologic conditions. The only figures yet available were contributed by 
Wechsler, Mayer and Sabotka , 5, 2 who reported comparative studies of the con- 
centrations of tocopherol in the blood sera of normal persons and of patients 
with amyotrophic lateral sclerosis and with various myopathies. In a recent 
attempt to make direct' application of the procedure described by Mayer and 
Sabotka , 3 we encountered so many difficulties that it seems worth while to record 
here the modifications we have found necessary in order to obtain satisfactorily 
quantitative results. 

The method best suited for the determination of small amounts of tocopherol 
appears to be the photoelectric measurement of the color produced when toco- 
pherol reacts with ferric iron in the presence of a-a-dipyridyl in an organic 
solvent. This sensitive color reaction was originally described by Emmerie and 
Engle 4 and the same colorimetric principle was used by Mayer and Sabotka 3 in 
their study of blood serum and by Devlin and MattilF and Hines and Mattill 6 
for measuring the amount of tocopherol in tissues. The reaction has the ad- 
vantage of great sensitivity and, at the same time, the disadvantage of lack of 
specificity for tocopherol. The variety of modifications introduced since the 
method was originally described represents attempts (a) to work out optimum 
conditions so that full advantage may be taken of the delicate color reaction, 
and (b) to isolate quantitatively the tocopherol present in biologic material from 
other substances which would contribute to or interfere with the amount of 
color produced in the final colorimetric measurement. 

COLORIMETRIC DETERMINATION OF PURE ALPHA TOCOPHEROL 

The color reaction, as originally employed by Emmerie and Engle T and 
later used by Mayer and Sabotka , 0 was carried out in a mixture of aleoliol and 
benzene. Although quantitative results were obtained under these conditions 
■when certain precautions were observed, the use of alcohol as a solvent has dis- 
tinct disadvantages. When ferric chloride and a-a-dipyridyl are brought 
together in absolute alcohol, a deep coloration gradually develops, especially 
on exposure to light. Thus, the two solutions have to be kept separate until 
used, but even with this precaution there is some development, of color when 
benzene and alcoholic solutions of ferric chloride and dipvridyl are brought 
together in a blank determination. The substitution of glacial acetic acid for 
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absolute alcohol by Devlin and MattilP acting on a suggestion by Merck and 
Company overcomes this difficulty. A stable reagent can be made by dissolving 
ferric chloride and a-o-dipyridyl in glacial acetic acid. The solution has only 
the yellow color imparted by the ferric chloride and there is no change in color 
on long standing or exposure to light. Devlin and MattilP carried out the 
colorimetric step by 1 lie addition of this reagent to solutions of tocopherol in 
Skellysolve K. The reagent is also readily miscible with benzene and no color 
is produced in blank determinations. Sinee benzene was more readily available 
to us it was adopted in preference to Skellysolve E as a solvent for tocopherol 
in all our analyses. When the reagent is added to a solution of alpha tocopherol 
in benezone a pinkish orange color develops which reaches maximum intensity 
in about ten minutes. A Ceneo-Sheard Spe'etrophotelomclcr was used and read- 
ings were made at a wave length of 520 ni/i after allowing ten minutes for 
color development. 

Under these conditions the Beer-Lanibert law obtained over a range of from 
20 to 250 gamma of pure alpha tocopherol in a final reaction volume of 15 
e.c. (representing 5 e.e. of a benzene solution of the tocopherol and 10 c.e. of the 
glacial acetic acid reagent). By plotting the logarithmic values of the trans- 
mission against concentration of tocopherol, a straight line of reference was 
readily obtained or, alternatively, an appropriate function of the extinction 
coefficient for the ferrous iron-dipyridvl complex could be derived for the calcu- 
lation of tocopherol in unknown solutions. Occasional rechecking of these 
values with fresh solutions of alpha tocopherol at intervals of a few weeks has 
given practically identical figures. This constancy of results has served as 
reassuring evidence of the reliability of the photometric analysis in the absence 
of interfering substances. 

THE QUANTITATIVE ISOLATION OK TOCOPHEROL KROM BLOOD SERUM 

Preliminary to the colorimetric determination the tocopherol must be 
extracted from blood serum without loss and separated quantitatively from other 
substances which would interfere with the final color reaction. 

Emmerie and Engle, and later, Mayer and Sabotka, used ether for the ex- 
traction of tocopherol from blood serum previously treated with formaldehyde, 
ethyl alcohol, and dilute alkali. Devlin and Mattill used a mixture of Skellysolve 
and alcohol for tissues treated in a Waring Blendor. In this way they avoided 
saponification with alkali, which involves the possibility of loss in view of 
the recognized instability of tocopherol in alkaline solutions. Actually, however, 
in working with blood serum, we could demonstrate no loss of tocopherol in the 
brief exposure to dilute alkali involved in the extraction process of Emmerie 
and Engle and have continued to use this method. 

Regardless of which method of extraction is employed, carotenoids and 
cholesterol are simultaneously extracted and must be removed before the 
tocopherol can be accurately determined colorimetrieally. Selective adsorption 
of vitamin A and other carotenoids on Floridin X S earth has, in the hands 
of some investigators, proved a successful means of avoiding the interference 
from these constituents. Others have found this procedure unsatisfactory, due 
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possibly to slight differences in the adsorptive properties of different prepara- 
tions of Floridin earth and to the fact that the fundamental principles govern- 
ing the success or failure of this selective adsorption have not been accurately 
defined. Our own experience has been that, despite repeated attempts with 
several samples of Floridin earth 4 ' and careful attention to the details of the 
procedures described by those who have used it successfully, we have never been 
able to remove carotenoids without a varying, but always significant, loss of 
tocopherol. Like Devlin and Mattill, we have found the chemical removal of 
these contaminants by treatment with S5 per cent, sulfuric acid, as described 
by Parker and MeFarlane, 8 a consistently reliable procedure. This treatment 
does not obviate the interference due to cholesterol, but after the carotenoids 
have been removed, Devlin and Mattill have shown that cholesterol can be re- 
moved without loss of tocopherol by adsorption from benzene on Florisil (Super- 
sorb). After purification by the acid treatment and subsequent passage through 
adsorbent columns of Florisil, a solution of tocopherol is obtained essentially 
free from interfering contaminants. 

Whatever procedures are adopted, precautions have to be taken throughout 
the various manipulations to avoid oxidative loss of tocopherol. All evapora- 
tions should be carried out in vacuo, and flasks, adsorption columns, etc., should 
be flushed out with nitrogen before the introduction of tocopherol solutions. 
Direct sunlight should be avoided but the more elaborate precautions of the 
use of amber glass and a dark room as described by Mayer and Sabotka have 
not been found to increase the accuracy of the modified procedure which we 
have adopted. 

DETAILS OF METHOD FINALLY USED FOR STUDIES OF BLOOD SERUM 

A detailed account of the procedures we have used for the determination 
of tocopherol in serum follows. Summarized in barest outline, the method 
combines the extraction process of Emmerie and Engle as modified by Mayer 
and Sabotka with the Parker and MeFarlane method for the removal of vitamin 
A and other carotenoids, and the adsorptive removal of cholesterol by means of 
Florisil as described by Devlin and Mattill. The final photometry is carried 
out on a benzene solution of tocopherol with a solution of ferric chloride and 
a-a-dipvridyl in glacial acetic acid. 

The following reagents are required : 

Peroxide-free ether, redistilled from sodium. 

Benzene C.P. reagent. 

Petroleum ether, purified as directed by Parker and MeFarlane. 8 

95 per cent ethyl alcohol. 

Formaldehyde, commercial 37 per cent aqueous solution neutralized 

with NaOH. 

0.2 N KOH in distilled water. 

•Kindly furnished for experimental trial by The Floridin Company, Warren, Penn 
sylvania. 
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2 per cent KOH in distilled water. 

1 per cent (by volume) H,S0 4 in water containing 1 per cent cadmium 
sulfate. 

0.5 per cent Na.SO., in distilled water. 

85 per cent H„S0 4 , 85 c.c. of concentrated II. SO*, specific gravity 1.98 
diluted to 100 c.c. with distilled water. 

Iron-dipyridyl color reagent, 125 mg. of ferric chloride and 250 mg. of 
w-rf-dipyridyl are dissolved in 5 00 c.e. of O.P. glacial acetic acid. 

Florisil,* purified according to the directions given for Floridin by 
Emmerie and Engle.’ 

Nitrogen, commercial tank. 

PROCEDURE 

To a measured 5 to 10 c.c. volume of serum (made to 10 c.c. by the addi- 
tion of water), in a 250 c.c. glass-stoppered separatory funnel, arc added 5 c.c. 
of 0.2 N KOH, 15 c.e. of formaldehyde solution and 15 c.c. of 95 per cent 
alcohol, and the mixture thoroughly shaken. Extraction is then carried out with 
three successive 50 c.c. portions of peroxide-free ether. After each extraction, 
10 c.c. of 95 per cent alcohol are added to the aqueous solution preliminary to 
the next addition of ether. After the third extraction, the aqueous layer is dis- 
carded. The combined ether extracts are then washed in a separatory funnel, 
once with 25 c.c. of 2 per cent KOH, twice with 15 c.c. portions of 1 per cent 
Il.SOj containing cadmium sulfate, and three times with 25 c.c. portions of 0.5 
per cent Na,S0 4 . The shaking should he gentle, especially in the final washings, 
or troublesome emulsions may form. The washed ether is dried for an hour or 
more over anhydrous sodium sulfate. At this stage the ether extract is 
perfectly clear and usually has a yellow tint due to the presence of carotenoids. 

After drying, the ether solution is quantitatively transferred to a suction 
flask by filtering tlrrough a layer of anhydrous sodium sulfate. Several portions 
of pure dry ether are used for rinsing the original flask and filter, and these 
washings are combined with the filtrate. The suction flask is then supported in 
a warm bath and the ether evaporated in vacuo . When only a small volume of 
ether remains, repeated small additions of benzene arc made as the evaporation 
continues in order to drive off the last traces of water and alcohol. This is 
conveniently accomplished by using a suction flask fitted with a small separatory 
funnel for the repeated addition of benzene. (In arranging apparatus for this 
or any other step in the method, the use of rubber stoppers or connections must 
he avoided as organic solvents remove material from rubber which later inter- 
feres with the accuracy of the method). Usually about 30 to 40 c.c. of benzene 
are required and this is added in portions of 5 to 10 c.c. until no turbidity re- 
sults from the addition of benzene to a small residue of fluid in the flask. 
Evaporation is then continued to dryness, At this point there is a small, yellow- 
ish residue left in the flask. The reduced pressure is maintained while the flask 

•Purchased from the Florhlin Company. Warren, Pa. 
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is thoroughly cooled, and then an accurately measured 15 c.c. volume of petro- 
leum ether is added which quickly and completely dissolves the residue, and the 
solution is promptly poured into a glass-stoppered tube which can- be centri- 
fuged. Three cubic centimeters of 85 per cent sulfuric acid are added and the 
tube stoppered and inverted several times until the now brown aqueous layer 
tends to settle quickly to the bottom of the tube. The stoppered tube is then 
centrifuged to complete the separation. The clear colorless petroleum ether 
layer is then transferred as completely as possible to a second glass-stoppered 
centrifuge tube and washed by inverting several times after the addition of 5 
c.c. of 2 per cent KOH. After centrifuging, as large an aliquot as possible of 
the petroleum ether solution is measured into a small flask. Usually 10 c.c., 
representing two-thirds of the original 15 c.c. of the pcti’oleum ether solution 
which contained the entire residue from the sample of serum, can be obtained 
without difficulty. Obviously all transfers and manipulations of the petroleum 
ether solution should be carried out. as expeditiously as possible and in cool 
surroundings in order to avoid evaporation of the solvent, and hence change in 
concentration of dissolved tocopherol, before the aliquot is measured for further 
treatment. 

At this stage the petroleum ether contains tocopherol which is free from 
vitamin A and carotenoids but is still contaminated with significant amounts 
of cholesterol. Since the adsorption of cholesterol on Florisil is only satisfac- 
tory from a solution in benzene, the aliquot of petroleum ether is evaporated 
to dryness in vacuo and Ihc slight residue is taken up in 5 c.c. of benzene. In 
the meantime, adsorption columns of Florisil are prepared. Previously purified 
dry Florisil is placed in glass tubes to form a column approximately SO by 12 
mm. Before use, the Florisil is washed once or twice with pure benzene, and 
nitrogen gas is run through the column to displace air. The 5 e.c. of benzene 
solution is then run through the column and is followed by about 25 c.c. of 
benzene added in portions of 5 c.c. each to the original flask and thence through 
the column. The combined solution and washings are collected in a small suc- 
tion flask and evaporated to a volume of about 5 c.c. This is then washed 
through a second adsorption column of Florisil in exactly the manner just de- 
scribed. Probably for most bloods one passage through Florisil is adequate, hut 
occasionally in dealing with a serum of high cholesterol content a determination 
was ruined by small amounts of cholesterol which persisted after a single treat- 
ment,; therefore, the uniform procedure of using two columns was adopted. 

When the combined benzene washings from the second adsorption column 
are evaporated to dryness, the residue is practically invisible. After cooling, tl' is 
is taken up in 5 c.c. of benzene, and 10 c.c. of the glacial acetic acid reagent arc 
added and the color allowed to develop for ten minutes before the photometric 
reading is made. A blank solution is prepared simultaneously by the addition 
of 10 e.c. of the reagent to 5 c.c. of pure benzene. By reference to a calibration 
curve previously obtained by analysis of pure alpha tocopherol solutions, aijd 
appropriate correction for the original volume of serum and the size of aliquot 
used, the tocopherol content of 100 c.c. of serum can be readily calculated from 
the observed transmission. As pointed out by Hines and Mattill, the practice of 
taking a second reading twenty to thirty minutes after the color reagent is 
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added affords a convenient means ol‘ cheeking the efficacy of tiie steps for re- 
moval of interfering substances Pure tocopherol solutions show maximum 
color development in ten minutes, and there is no appreciable change during the 
next ten to twenty minutes. When impurities arc contributing to the color, 
different time relationships are encountered and there is significant decrease 
in transmission noted in the later readings as compared to the ten-minute read- 
ing. When such differences arc noted, the results are unreliable and should not 
he accepted as true tocopherol values. 

Needless to say, before studies of serum are undertaken, blank determina- 
tions should he run in which 10 c.e. of water are substituted in place of serum 
and carried through the entire procedure. Entirely satisfactory blanks should 
neither cause any development of color with the iron-dipyridvl reagent nor inter- 
fere with the development of the full color value when a known amount of toco- 
pherol is measured in the presence of the residue from a blank determination. 
Actually, a slight amount of color, equivalent to 1 to 3 gamma of tocopherol 
usually develops in a blank determination in spite of carefully purified reagents. 
Blanks should be run whenever new lots of reagents are introduced, and a cor- 
rection made for any slight introduction of extraneous color. 

In Table I arc collected data which demonstrate the satisfactory recovery 
of pure alpha tocopherol carried through various steps of the procedure in the 
manner just described. The figures in the last group also indicate the efficiency 
of the Parker-McFarlanc treatment followed by double adsorption of Florisil 
in avoiding the interference duo to carotenoids and cholesterol. 


Table I 

Recovery of Poke Tocopherol Carried Through Various Procedures 


test procedure 

f TOCOPHEROL 
RECOVERED j 

I (gamma) 

TOCOPHEROL 

PRESENT 

(gamma) 

PER ('ENT ' 
recovered 

a tocopherol in benzene curried through two 

(a) 

91 

100 

91 

Florisil columns 

00 

102 

100 

102 

a tocopherol earned th tough acid treatment 

(a) 

100 

1 100 

100 

and two Florisil columns 

(»>) 

97 

100 

97 

Mixture ol‘ « tocopherol, carotene, and elides- 

(a) 

10S 

100 

10S 

tcrol, cariiod through acid treatment and 

a.) 

97 

100 

j- !>" 

two Florisil columns. 

(c> 

102 

100 

102 


(.i) 

47 

10 

94 


Table II contains the results of preliminary studies with blood serum. Es- 
sentially the same values in terms of milligrams of tocopherol per 100 c.c. of a 
given scrum were found whether the determination was run on a 5 or 10 c.c. 
sample. In spite of the readily reproducible results there should bo some reserva- 
tion in the complete acceptance of the values obtained as the true level of alpha 
tocopherol. Other toeophcrols with less biologic activity than alpha tocopherol 
give the same color reaction and would not have been removed in the procedures 
incorporated in the method. Furthermore, although several known inter- 
fering substances have been successfully eliminated, there has been no direct 
proof that others not yet recognized may still be involved. Fairly good evidence 
that the principal color-producing factor measured is alpha tocopherol is 
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afforded by the very low values obtained in the serum of rabbits that are 
seriously deficient in vitamin E, and the prompt increases which are always 
noted when liberal amounts of vitamin E are restored to such animals. Satis- 
factory recoveries could be made of alpha tocopherol added to blood serum. 

Table II 


Preliminary Blood Studies and Recoveries of Added Tocopherol 


MATERIAL STUDIED 

VOLUME 1 
SERUM USED 
FOR DETER- 
MINATION 

TOCOPHEROL 

FOUND 

(MG./100 

c.o.) 

TOCOPHEROL 

PRESENT 

(MG./100 

C.C.) 

RECOVERY 

OF ADDED 

tocopherol 
(per cent) 

Human serum A 

10 


- 

- 

Human serum A 

5 

1.02 

- 

- 

Human Serum A + 1 mg./IOO c.c. of 

5 

2.0f) 

2.00* 

109 

added tocoplierol 





Human Serum B 

in 

1.34 

- 

- 

Human Serum B 

s 

1.32 

- 

- 

Human Serum B + 1 mg./IOO c.c. of 

9 

2.37 

2.33* 

104 

added tocoplierol 




96 

Human Serum B + 0.5 mg./IOO e.c. 

5 

1.7S 

1.83* 

added tocoplierol 





Rabbit Serum No. 1. Dying from E 


<0.05 

~ 


deficiency 




Rabbit Serum No. 2. E deficient diet. 

10 


- 

- 

Beginning to show weakness 





Rabbit Serum No. 3. Same rabbit as 

S 

1.74 

- 

- 

No. 2 after administration of E 





Rabbit Serum No. 4. E deficient for 

S 

0.26 

- 

- 

weeks. Marked muscular weakness 





Rabbit Serum No. 5, Same rabbit as 
No. 4 after heavy E medication 

5 

2.76 




•Figure based on average figure without additions, plus added tocopherol. 


Table III 


Serum Tocopherol Levels Determined by the Procedure Described 


SUBJECT 

age 

(yr.) 

SEX 

DIAGNOSIS 

SERUM 

tocopherol 

(MG./100C.C.) 

H. B. 

15 

M 

No disease 

0.72 

L. J. 

11 

M 

Behavior problem 

0.94 

J. N. 

13 

lit 

Allergy 

1.12 

M.E. 

9 

F 

No disease 

0.88 

J.L. 

11 

M 

No disease 

0.98 

A. G. 

5 

M 

Respiratory infection 

1.02 

J. 0. 

5 

F 

Celiac disease 

0.64 

F. C. 

14 

F 

Otitis media 

0.82 

H. B. 

9 

M 

Bronchitis 

0.79 

D. G. 

14 

M 

Nephritis 

1.20 

H. J. 

21 

M 

Muscular dystrophy 

0.97 

H. H. 

13 

M 

Muscular dystrophy 

1.02 

W. N. 

9 

M 

Muscular dystrophy 

1.2S 

J. A. 

6 

M 

Muscular dystrophy 


J.L. 

9 

M 

Muscular dystrophy 

0.73 

H. Je. 

12 

M 

Muscular dystrophy 

0.80 

J. N. 

12 

M 

Muscular dystrophy 

0.81 


In Table III are presented the results of tocopherol determinations run 
on the sera of both ill and apparently normal individuals most of whom were in 
the pediatric age groups. The entire range of values is fairly small and the 
usual concentration appears to be about 1 mg. of tocopherol per 100 c.c. of serum. 
In the small group studied there appeared to be no significant difference in the 











MI NOT : DETERMINATION OF TOCOPHEROL IN BLOOD SERUM 


770 


levels found in sick and well children. Our figures on patients with muscular 
dystrophy were done in connection with other studies of that disease and their 
significance has been discussed elsewhere. 10 It is interesting to note the rela- 
tively low concentration found in the serum of one child with celiac disease 
since this patient was found also to have poor absorption of vitamin A. Pre- 
sumably, conditions unfavorable for the absorption of another fat soluble vitamin 
would also hinder the absorption of vitamin E. 

DISCUSSION 

The values for serum tocopherol which we have presented fall within about 
the same range as those found by Wechsler, Mayer, and Sabot lea in adult serum. 
The fact that two laboratories using different techniques for several steps in the 
determination have obtained essentially the same results lends considerable sup- 
port to the probable accuracy of both sets of figures. On this basis there is per- 
haps little choice between the two methods. In our hands at least, the use 
of acid for the removal of vitamin A and carotenoids has proved a far less 
treacherous procedure than selective adsorption on Floridin. Mayer and 
Sabotka make no mention of the possibility of interference due to cholesterol. 
Possibly under the conditions of their procedure, cholesterol was removed or 
had less influence on the final color reaction. Certainly in the procedure which 
we have used, the removal of cholesterol with the help of Elorisil is a vitally 
important step. At least from the point of view of convenience, the stable 
glacial acetic acid solution of ferric chloride and a-a-dipyridyl lias great advan- 
tages over an alcoholic solution of these reagents. 

SUMMARY AND CONCLUSIONS 

Modifications of several previously described procedures have been combined 
in a method which employs the iron-dipvridyl reaction for the colorimetric 
determination of tocopherol in blood serum. 

Data arc presented which show (a) alpha tocopherol can be carried through 
the suggested procedures without significant loss, and (b) that tocopherol can 
be satisfactorily isolated from substances present in the blood serum which 
would otherwise interfere with the final colorimetric reaction. 

As measured by the method described, the tocopherol content of children’s 
blood serum was found to fall within a small range of values approximating 1 
mg. per 100 c.c. of scrum. 
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EDITORIAL 


Editorial Policy 

U NDER the guidance of Dr Victor C. Vaughan, Dr. Warren T. Vaughan, 
and the Associate Editors who worked so devotedly with them, Thk Journal 
of Laboratory and Clinical Medicine has served for the past twenty -nine years 
as a forum for t he presentation of clinical investigation and of laboratory tech- 
niques. The reasons for beginning the Journal and description of its editorial 
policy were eloquently stated hv the elder Dr. Vaughan in his first editorial : 
“At present there is a wide chasm between the research man and the prac- 
titioner. The work of one supplements that of the other. The world is not 
benefited nor medicine advanced until the work of both has been done. The 
basic aim of this Journal will be to bring discovery and its application closer 
together, to supply the research man with a strictly scientific organ through 
which he can present the results of his labors, and to suggest to the practitioner 
how he may use the latest discovery.” 

Strict adherence to this editorial policy has at times been difficult. With 
the rapid growth of the medical sciences it often seemed wise to publish manu- 
scripts which were fundamentally biochemical, physiologic, pharmacologic, or 
baeteriologic in their interest. Their relationship to clinical medicine was not 
always immediately apparent, although in many instances these investigations 
later served as the background for now approaches to clinical problems. On the 
other hand, studies which presented purely Clinical observations or case reports 
often seemed important enough to print even though they described no new 
principle nor concerned themselves with the pathogenesis or treatment of disease. 
At first, the section on “Methods” was confined to a discussion of procedures 
which were of interest to the clinical pathologist or to the practitioner in his own 
routine laboratory. This policy had to be broadened, however, so that investi- 
gators who used either human or animal subjects could be given an opportunity 
to exchange their experiences with methods of a more purely experimental na- 
ture. 

There has, therefore, been a gradual broadening of the editorial policy so 
that papers with a very wide scope of interest wore accepted for publication. 
It is perhaps now necessary to define the boundaries more precisely. The ideal 
of trying to bring discovery and its application closer together must certainly 
be preserved. It would seem that this end might best he served: (1) by con- 
fining acceptance of experimental papers to those which can properly be in- 
cluded in the broad field of clinical investigation; and (2) by selecting those 
clinical papers which demonstrate most clearly the application of recent experi- 
mental discoveries to the solution of clinical problems. The policy stated above 
which governs the publication of methods, techniques, and their analyses will 
be maintained. 

C. V. M. 
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BOOK REVIEWS AND NOTICES 


Colorimetric Determination of Traces of Metals, lly E. B. Sandell, PhD., 
Assistant Professor of Analytical Chemistry, University of Minnesota, 
Minneapolis, Minnesota, Interscience Publishers, Inc., 215 Fourth Avenue, 
New York 3, New York, 1944. Price $7.00. Cloth with 487 pages. 

This book should prove to be a valuable reference work for biochemists and 
investigators who find it necessary to determine traces of metals in hiological 
materials. It opens with a general discussion of the methods of trace analysis, 
the problem of separating and isolating traces of substances, and the chemical 
behavior of the more common colorimetric reagents. The second half of the 
book is devoted to a presentation of specific methods for individual metals. It is 
not encyclopedic in its listing of techniques. An attempt is made rather to 
describe and evaluate a limited number of methods which seem most satisfactory 
to the author. The treatment of material is so designed as to be of value to 
industrial as well as to biological chemists. In some instances, consequently, the 
applications of methods to biological materials are not given in as much detail 
as a clinical investigator or clinical pathologist might wish. The principles, 
however, are all clearly stated, and tabulation is made of those substances which, 
interfere with the accuracy of procedures. 

The author occasionally makes statements such as the following which 
make one question his familiarity .with the difficulties of doing determinations 
on biological materials: “The methods now available (for copper) are in the 
main satisfactory and leave little to be desired. ” Anyone who has tried to study 
the copper content of blood realizes how far from the truth this opinion is. 
However, the reviewer knows of no other work which assembles so compactly 
and so well the most acceptable methods of colorimetric trace analysis. 

C. V. M. 

Vascular Responses in the Extremities of Man in Health and Disease. By- 
David I. Abramson, M.D., F.A.C.P. Associate in Charge of Cardiovasculai 
Research, May Institute for Medical Research of the Jewish Hospital, Cin- 
cinnati. (Now is a Captain in the Army Medical Corps.) University of 
Chicago Press, Chicago, 111. Price $5.00. Cloth with 412 pages. 

The book attempts to assemble and correlate information on peripheral 
vascular disease and vascular responses which has been widely scattered through 
the literature. The author devotes a large amount of space to the physiologies 
responses of the peripheral vascular tree. Diseases of the venous and artcria 
systems are evaluated largely from the physiological rather than from the clinical 
standpoint. Experiments on vascular responses in the limbs of man are exten 
sively considered ; animal experiments are described to fill in where data on 
man are wanting. 
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The book opens with chapters on the anatomy and physiology of blood 
vessels. The responses of the peripheral blood vessels to various pharmaco- 
logical agents, and in. systemic diseases are taken up. There follow considera- 
tions of “functional'* and organic disease. A final section concerns the methods 
of treatment of vascular disorders. 

This volume is well documented, and is readable. References are included 
at the end of each chapter, and constitute an extensive compilation of the litera- 
ture. The index is adequate. In the reviewer’s opinion, this work should 
prove of exceptional value to students and clinicians as a brief, authoritative 
account of vascular problems. 

J. R. S. 

Stop Worrying - and Get Well. By Edward Podolsky, 31.1). Bernard Acker- 
man, Inc., 381 Fourth Avenue, New York 16, New York. Price $2.00. 
Cloth with 124 pages. 


CORRESPONDENCE 


To the Editor . — In our recent paper entitled “The Apparent Advantage of 
bTequently Administered Quinine in Avian Malaria Infections” in the -Journal, 
January, 1944, page 43, we made the statement that we were unaware that 
frequent, to any nothing of continuous, therapy with quinine had ever been 
given a trial in acute malaria infections in the human being, and that we, 
therefore, sought to investigate the possible advantages of such a method of 
treatment by putting the matter to experimental trial in avian infections in 
the laboratory. Our attempt to effect continuous administration of solutions 
to canaries having met with failure, we were obliged to resort to administra- 
tion of the quinine by month at two-hour intervals around the clock for the 
four days during which the therapeutic trials lasted. We have now received 
a very kind letter from Col. Charles V Craig, the eminent malariologist and 
editor of the American Journal of Tropical Medicine, who slates his feeling that 
in our search of the clinical literature, we overlooked the fact that frequent 
quinine dosage was employed in man many years ago and that the mutter is 
specifically discussed in the publications of Marehiafava and Bignami and of 
himself. In our copy of Marehiafava and Bignami, that was reprinted from 
Twentieth Century Practice for the use of the U. S. Army in 1900, We have 
failed to find very specific- evidence that the Italian authors did use quinine 
at frequent intervals in the attempt to accomplish a somewhat “continuous” 
type of therapy, but there can be no doubt that Col Craig did report very 
favorably upon a frequent-administration method of treatment in his work 
The Malarial Fevers, etc., published in 1909. Among his several references 
to this type of treatment, there appears (page 373) the following unequivocal 
statement . . it is necessary to give quinine in divided doses of from 0.3 to 
0.6 Gm. (5 to 10 grains) at intervals of four to six hours until the temperature 
reaches normal, and to increase the number of doses if experience shows that 
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the quantity advised is insufficient.” It was our misfortune not to liave seen 
this statement in Col. Craig’s A’aluable book before our paper appeared, and 
we are therefore writing this letter to place on record our recognition of the 
fact that Col. Craig did indeed advocate the frequent administration of quinine 
a great many years ago. If there should be any interest in the matter of 
priority in recommendation of such a therapeutic approach in malaria, cer- 
tainly Col. Craig and not ourselves deserves the credit of having first drawn 
attention to the possible merit of this type of procedure. In passing, however, 
it might just be of interest to note that possibly the superiority of the method 
had been attested and forgotten long before Col. Craig introduced it, for Boyd 
in the A.A.A.S. Symposium on Human Malaria, page 5, 1941, writes as follows: 
‘‘The earliest report of its employment in the- United States that has come to 
our attention is by Henry Perrine (1826), a physician of Natchez, Mississippi. . 
He employed from six to twelve grains every two to three hours at any period 
of the fever continued until its symptoms in pulse and skin were subdued, 
repeating if the return of the fever was suggested.” 

As a matter of fact, it was not a frequent-dosage method in which we were 
primarily interested in our work but an attempt to study a continuous method 
of administration, and it is our hope that a continuous method as advocated 
in our paper will be given clinical trial with proper controls by those in a 
position to do so. 

Hurry Beckman 

Jane Smith 
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CLINICAL AND EXPERIMENTAL 

THE CLINICAL USE OF PHTIIALYLSULFATHIAZOLE 


Edgar J. Poth, M.D., Pii.D., and Chari.es A. Eoss, M.S., 
Galveston, Texas 


A N EXTENSIVE study covering twenty acylated sulfonamides 1 ’ 2 in an 
attempt to find substances possessing antibacterial properties and being 
poorly absorbed from tile alimentary tract has resulted in the synthesis and dis- 
covery of several compounds fulfilling these specifications. The first of these 
drugs of therapeutic value, succinylsulfathiazole, was described in 1941 by Potli 
and Knotts, 3 having been synthesized by Miller, Eock and Moore. 4 

This compound when administered by mouth profoundly alters the bacterial 
flora of the gastrointestinal tract and the physical character of the stools. The 
use of this drug 5 in the preoperative preparation of patients due for operations 
upon, the large bowel brought the individuals to operation in excellent physical 
condition with the bowel emptied of fecal contents and nicely prepared for 
surgical treatment. The simplification of the bacterial flora of the gastro- 
intestinal tract by the significant reduction of and by the frequent elimination 
of the coliform organisms, the Clostridia, the bacteroides, and numerous other 
microorganisms offers considerable protection against the development of a 
fatal peritonitis, especially as emphasized by the studies of Meleny, Olpp, 
Harvey and Zaytseff-Jern (1932)“ who demonstrated that the intraperitoneal 
inoculation of mixtures of B. coli, B. welchii, and alpha streptococci was ten to 
fifteen times as lethal as pure cultures of these organisms. Postoperatively, the 
patients treated preoperatively with a drug like succinylsulfathiazole do well, 
there having resulted no instances of peritonitis or locally detectable infection, 
although operations were often performed on the open colon. These patients 
experienced a smooth convalescence with minimal gaseous distention and gas 
pains. 

Succinylsulfathiazole has been used for the treatment of bacillary dysentery 
with excellent results first by Poth, Chenoweth, and Knotts (1942) 7 and subse- 
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quently by numerous investigators. The most significant investigation having 
been reported by Hardy, Burns, and De Capito 8 who showed it to be the most 
effective of the sulfonamides in preventing the development of carriers. 

The toxicity of succinylsulfathiazole is particularly low and is probably the 
least toxic of all the effective sulfonamides which have been used extensively. 
But, it should be repeatedly emphasized that all members of this series of drugs 
can be expected to show toxic reactions and that these reactions may indeed be 
serious if administered to a sensitized or highly susceptible individual. The 
incidence of the more severe reactions is very low for succinylsulfathiazole. A 
single instance of agranulocytosis with a fatal outcome has been reported by 
Johnson (1943).' J > 10 It is not entirely clear that this complication was due to the 
action of succinylsulfathiazole although it is true that the individual had previ- 
ously been shown to have been sensitive to sulfathiazole. 



Chart 1 — n °r 
with a long, ■ \ ■ : 
days. No ■,* i ■ ■ : : ■ 
0.25 Gm. of : 
hour intervals. 



DAYS 


of rapid disappearance of B. coJi from the urine of a J 3 rtinth 
stitis. The urine became sterile between the third and , 
present in the feces on the sixth clay. . The patient re 
• daily divided into six equal doses administered orauj a 


The following patient presents a particularly interesting therapeutic ap- 
plication of succinylsulfathiazole. An 82-year-old woman gave a history ol 
abdominal distention and discomfort daily over a period of ten years. She ha 
been troubled with constipation rno.J of her life. There had been recurring 
attacks of pyelitis and cystitis. When first seen two years ago, she was suffeiin.- 
from an unusually severe urinary tract infection and a moderate anemia an 
leucopenia were present. There were 1,000,000 B. coli, per cubic centimeter w 
the urine. Under treatment with succinylsulfathiazole, the coliform organisms 
in the feces and urine were reduced as indicated in Chart 1. The urine became 
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sterile. The drug was discontinued after three weeks. The constipation and 
flatulence were relieved. After one month, evidence of a cystitis returned and 
the urine again contained 1$. coli Immediate response to succinylsulfathiazolc 
therapy occurred again. After this sequence of events had repeated itself several 
times and upon the insistence of the patient, and, since the hemoglobin content 
of the blood had increased and the leucocyte count had improved, 0.125 Gin. of 
succinylsulfathiazole per kilogram of body weight divided into three daily 
doses were administered for one week each month. This regimen has kept the 
patient free of cystitis, flatulence and constipation and no untoward reactions 
have occurred during a period of two years. 



Chart 2 — An illustration of the variation 
administration of 0.0833 • 
to dogs on n. subma Intel 
coliform organisms and 
for the C/osfrirtm represei 
ihg to record that after 1 
resistant spores remalnfr 
two dogs. The individm 
Instances. 


of different bactenal groups following the oial 
' per Kilo of body weight every four hours 
The streptococci ftie not affected. The 
imber in a regular manner. The counts 
fttivc forms and spores, and it Is interest- 
itive forms disappear with only the heat- 
e averages of tiic observations made on 
the limits of experimental erior in all 


Poth and Ross (1043)" 11 reported experimental studies on phthalylsulfa- 
thiazole as an intestinal antiseptic. This compound, first synthesized by Moore 
and Miller (1942),” was shown to he from two to four times as effective as 
succinylsulfathiazole in altering the coliform flora in the alimentary tract of the 
dog. When phthalylsnlfathiazolc was administered orally to dogs every four 
hours in doses varying from 0.04 to 0.08 Gm. per kilogram of hotly weight, the 
alteration of the coliform flora in the feces was comparable to that observed 
when 0.1GG Gm. of succinylsulfathiazole were similarly administered. 

As indicated in Chart 2, phthalylsnlfathiazolc reduces the Clostridia as 
well as the coliform bacteria to significantly low populations in the feces. It is 
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interesting that after forty-eight hours ail anaerobic vegetative organisms dis- 
appear with only heat resistant spores persisting. Similar to the other 
sulfonamides, phthalylsulfatliiazole is ineffective against the alpha Strepto- 
coccus fecalis. This drug alters the physical character of the stools by reducing 
the fecal odor, but the feces are rendered less liquid than is the case following 
the administration of succinylsulfathiazole. This latter finding might be con- 
sidered an indication that phthalylsulfatliiazole would be more effective in the 
presence of diarrhea, and consequently, be better suited to the treatment of the 
dysenteries, and be a possible therapeutic agent against cholera and in the treat- 
ment of the highly fatal, epidemic, neonatal diarrheas. 

Phthalylsulfatliiazole is rapidly excreted in the urine of the dog, and the 
concentration of the drug in the blood has not been observed to exceed 3.0 mg. 
per 100 cubic centimeters following sustained oral administration of the com- 
pound in effective therapeutic doses. No toxic manifestations occurred follow- 
ing such administration of the compound. A single dose of twenty-five Gm. 
per kilogram of body weight of phthalylsulfatliiazole given by stomach tube 
produced no toxic symptoms, and the concentration of the drug in the blood 
did not exceed 2.0 mg. per 100 cubic centimeters. 

Dogs survived the intravenous administration twice daily of one gram of 
the sodium salt of phthalylsulfatliiazole per kilogram of body weight, for periods 
of seven days, although vomiting occurred during and following the injections 
and the animals showed a moderate loss of weight. Intraperitoneal injection of 
a suspension of the drug is less well tolerated. The L.D. 50 is approximately 
2.5 Gm. per kilogram of body weight in single doses intraperitoneally. 

THE ADMINISTRATION OF PHTHALYLSULFATHIAZOLE TO MAN 

On the basis of the evidence of bacteriostasis and low toxicity of phthalyl- 
sulfathiazole obtained by the authors 2 ’ 11 and by Mattis, Benson & Koelle 13 on 
various laboratory animals, the administration of the drug to man was begun m 
July, 1942. First, the administration was to individuals with normal alimentary 
tracts and then to persons with various gastrointestinal lesions and disorders in- 
cluding carcinomata of the colon, ulcerative colitis, nonspecific diarrheas, and 
bacillary dysentery. 

When phthalylsulfatliiazole is given to individuals with normal gastroin- 
testinal mucosa in doses varying from 0.05 to 0.25 Gm. per kilogram of body 
weight daily divided into six equal portions administered at four-hour intervals 
day and night, the alteration of the coliform bacteria occurs as indicated in 
Chart 3. Doses of phthalylsulfatliiazole as small as 0.017 Gm. per kilogram 
every four hours may effect a significant lowering of the coliform population m 
the feces of normal individuals. The time required to cause this alteration may 
be somewhat more prolonged than when larger doses are given. The compara- 
tive effectiveness of phthalylsulfatliiazole and succinylsulfathiazole is presented 
in Chart 4 and demonstrates phthalylsulfatliiazole to possess, in this instance, 
twice the bacteriostatic action as that shown by succinylsulfathiazole. 

The effect of spacing the frequency of dosage is studied by the daily ora 
administration of 0.0625, 0.125, and 0.25 Gm. of phthalylsulfatliiazole, dividing 
the respective daily doses, in each instance, into six, three, and single portions 
and giving the drug at 4, 8, and 24-hour intervals. Charts 5, 6, and 7 show the 




Chart 3. — The effect of various dosages of phthalylsulfathiazole on the coliform bacteria 
in the gastrointestinal tract of man A represents the results after the oral administration of 
0.05 Gm. per kilogram of body weight daily, divided into six equal portions and given at four- 
hour intervals; B, O.OC25 Gm. per kilogram. C. 0 10 Gm. per kilogram; D, 0 125 Gm. per 
kilogram ; and E, 0.25 Gm per kilogram 



Chart i . — A comparison of the relative bacteriostatic activity of succinylsulfathiazole 
and phthalylsulfathiazole as indicated by the alteration of the coliform flora in the gastro- 
intestinal tract of man when equal doses of the drugs are administered orally at four-hour 
intervals. A represents the results following a daily dosage of 0.125 Gm. of succlnylsulfa- 
thiazolc per kilogram of body weight. B, following a daily dosage of 0.25 Gm. of succinyl- 
sulfathiazole; C, following a daily dosage of 0125 Gm. of phthalylsulfathiazole; and D, fol- 
lowing a daily dosage of 0.25 Gm. of phthalylsulfathiazole. 

Compare A with C, and B with D. 
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alteration to be significant in each instance, but the rate of change and the 
magnitude of the change is decreased as the dosage is lowered and the interval 
of administration is lengthened. When the smallest dose, however, is given 
once daily, the coliform flora is lowered in count from 10 T to 10, 4 but even this 
change represents a disappearance of 99.9 per cent of the coliform bacteria 
initially present. These observations indicate that plithalylsulfathiazole may 
be better suited to prolonged administration as is required in the treatment of 
ulcerative colitis, because it need not be given at such frequent intervals. Like- 
wise, it may find use as a prophylactic measure when it is known that an in- 
dividual is exposed to acute bacillary infections such as dysentery and possibly 
cholera, as has been suggested previously by Poth, Chenoweth, and Knotts 
(1942). 7 



Chart 5.— -The effect of spacing the oral dosage of 0.0C25 6m. of phthalylsulfathlaz 
per kilogram of body weight daily as indicated by the change in the number of c ““}” „ 
bacteria in the gastrointestinal tract of man when the drug is (A) divided into six equal ““ ■= 
and given at four-hour intervals; (B) divided into three equal doses and given at eisni-« m 
intervals; and (C) given as a single daily dose. 

Compare with Charts 6 and 7. 

One of the drawbacks encountered in the administration of succinylsulf 3- 
thiazole is that the drug tends to lie ineffective in the presence of a water) 
diarrhea. Since the stools do not become as liquid following the administration 
of plithalylsulfathiazole as when the former drug is given and since phtlualyl- 
sulfathiazole has the greater bacteriostatic activity, the value of the drug was 
studied in the presence of a watery diarrhea. An extremely watery diarrhea 
was produced and maintained for a period of two weeks by the administration 
of an ounce of magnesium sulfate twice daily to a healthy adult Negro male. 
Plithalylsulfathiazole, 0.125 Gm. per kilogram of body weight daily, divide 
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Days 

Chart 6 — The effect of spacing the oial dosage of 0 123 Gm. of phthalylsulfatlnazole 
per kilogram of body weight daily, as Indicated by the change jn the number of cohform 
bacteria in the gastrointestinal tract of man, when the drug is (A) divided into six equal 
doses and given at four-hour intervals. (j?) divided into three equal doses and given at eight- 
hour intervals, and (C) gi\en as a single daily dose. 

Compare with Charts 5 and 7. 



Chart 7. — The effect of spacing the oral dosage of 0.25 Cm. of phthalylsulfatlnazole per 
kilogram of body weight daily was indicated by the change in the number of coliform bacteria 
in the gastrointestinal tract of man when the drug is (A) divided into six equal doses and 
given at four-hour intervals, (D) divided into three equal doses and given at eight-hour 
intervals: and (C) given as a single daily dose. 

Compare with Charts 5 and 6. 
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into six equal portions reduced the coliform organisms significantly, but the re- 
duction was not maintained. On doubling the dosage after the tenth day, the 
coliform count was further reduced and maintained at a low level as indicated 
in Chart S. These observations further emphasize the possibility that this 
compound will lie particularly effective therapeutically in the presence of a 
severe diarrhea and will permit preoperative purgation when deemed necessary 
to empty the large bowel. 



\\atery diarrhea. For the first two days 0.125 Gm. of phtlialylsulfathiazole per kilogram oi 
body weight was given by mouth at four-hour intervals as six. divided doses. On the teni 
day the daily dosage was increased to 0.25 Gm. per kilogram daily. 


THE BACTERIOSTATIC ACTIVITY OF PHTHALYLSULFATHIAZOLE 
Why should phtlialylsulfathiazole have a greater local bacteriostatic activity 
against coliform organisms in the gastrointestinal tract than succinylsulf 8 " 
thiazole although the solubility of the latter exceeds that of the former com- 
pound? At least a partial answer to this question is available. If the two com- 
pounds are administered orally in equal doses and the stools are analyzed for 
both the free and conjugated forms of the drugs, it becomes evident, as is demon- 
strated by Chart 9, that both the relative and absolute concentrations of d ic 
free form of the drugs vary considerably. In the case illustrated the concen- 
tration of the free drug, which may or may not be sulfathiazole, coincident " T itli 
the administration of succinylsulfatliiazole attains a concentration of 250 mg- 
per one hundred Gm. of wet stool, while the corresponding value during the 
ingestion of phtlialylsulfathiazole is 1,250 mg. per cent. At this dosage level, 
phtlialylsulfathiazole is fully effective bacteriostatically against the coliform or 
ganisms while this may not be true for succinylsulfathiazole. These data void 
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indicate that the bacteriostatic activity parallels the concentration of the 
diazolizable form of the drug in the feces. 

An analysis of the urinary excretion of suceinylsnlfathi azole and plitlialvL 
sulfatfiiazole on 50 successive trials of each gives the following data: (X) when 
snccinylsulfatlnazole is administered orally in a dosage of 0.25 Gin. per kilogram 
of body weight daily in six equal portions, the free form of the drug is excreted 
to the amount of 0.37 Gm. while 0.49 Gm. of the conjugated form is excreted 221 
24 hours, or a ratio of 1 to 1.33; (2) when phthalylsulfathiazole is likewise ad. 
ministered in a dosage of 0.12o Gm. per kilogram, the free form of the drug 
is excreted to the amount of 0.100 Gm. while 0.104 Gm. of the conjugated form 
is excreted, or a ratio of 1 to 1.04. In conclusion, it is obvious that relatively 
more of the free form of the drug is excreted when phthalylsulfathiazole is 
ingested, although definitely a much smaller absolute quantity of the free form of 
drug is excreted than when snccinylsulfathiazolc is administered, regardless of 
the fact that the concentration of the diazotizable form of drug in the feces 
is roughly five times as great when the plithalyl derivative is given. 



A further analysis of the urinary excretion of the free and conjugated 
forms of phthalylsulfathiazole is given in Chart 10. There is little difference 
in the quantity of drug excreted in the urine whether a dosage of 0.125 Gm. per 
kilogram of body weight is ingested as illustrated in Curve B, or 0.065 Gm. per 
kilogram as shown in Curve C. But, it naturally follows that the percentage 
excreted in the second instance is roughly twice that of the first example. On 
the larger dosage as represented by Curve A, the percentage of the ingested drug 
excreted in the urine is least. If the urinary output of drug is determined in 
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a large number of cases, it is found that the quantity of drug excreted is essen- 
tially constant, which means that, within therapeutic limits, the quantity of 
drug absorbed from the bowel and excreted in the urine is but little affected 
by the ingested dose. It can, therefore, be anticipated that larger doses rill 
not be appreciably more toxic than smaller therapeutic doses of phthalvlsulfa- 
thiazole. 



2 4 6 8 io a 

Days 


Chart 10. — Absorption and excretion of phthalylsulfathiazole by man. 

A. Dosage 0.25 Gin. per kilogram per (lay in six divided doses at four-hour intervals by 
mouth; 3.35 per cent of the ingested drug recovered from the urine. 

B. Dosage 0.125 Gm. per kilogram per day in six divided doses at four-hour intervals by 
mouth ; 4.48 per cent of the ingested drug recovered from the urine. 

C. Dosage 0.0625 Gm. per kilogram per day in six divided doses at four-hour intervals b> 
mouth; 9.2 per cent of the ingested drug recovered from the urine. 

An intangible mass of evidence continues to present itself that these com- 
pounds, containing free carboxyl groups in their molecules, possess antibacterial 
properties which are not entirely dependent upon the presence of sulfatliiazole 
presumably resulting from hydrolysis. Although the simplest and most logical 
assumption would be that all the effect is contributed by sulfatliiazole, it scents 
highly probable that the physical and chemical properties of these compounds 
are operative in determining their ultimate, local bacteriostatic activity by in- 
fluencing the absorption and adsorption of these relatively inactive acylnted 
compounds by the individual bacterium. 

THE VALUE OF SULFAT HIAZOLE AS AN INTESTINAL ANTISEPTIC 

In 1942, Poth, Knotts, Lee and Inui 1 showed that sulfanilamide, sulfa- 
diazine, and sulfatliiazole had little bacteriostatic effect in the alimentary tract 
of the dog as demonstrated by the alteration of the coliform organisms. 
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Because repeated reports have suggested that sulfathiazole and sulfa- 
diazine have sufficient bacteriostatic activity locally in the bowel to sterilize the 
feces (Eisenhoff and Goldstein, 1943), 14 an additional study was made on human 
subjects receiving sulfathiazole in relatively large doses. Representative data 
are given in Chart 11. In the majority of instances, there is no significant altera- 
tion of even the colifonn organisms although large doses of sulfathiazole were 
administered. A total of 56 twenty-four-hour collections of urine were analyzed 
and showed that 36 to 76 per cent, or an average of 51 per cent, of the ingested 
sulfathiazole was excreted in the urine. The blood levels varied from 3.4 to 7.6 
mg. per cent. Assays of stools for the drug gave a concentration of 80 to 170 
mg. per cent. 



Chart 11. — A plot of the alteration of the coliform flora in the normal gastroenteric tract 
of man following the oral administration of full therapeutic doses of sulfathiazole. As will be 
noted, there may be a significant alteiatlon in the number of coliform organisms, but this 
change Is neither consistent nor always maintained 

In a series of several thousand stool cultures over a period of four years, 
wc have never encountered a single instance following the administration of 
either succinylsulfathiazole or plithalylsulfathiazolc in which the feces were 
sterile. It is not, however, unusual to find no coliform bacteria, and it should not 
be expected to find the feces free of the alpha Streptococcus feealis, since the 
growth of this normal inhabitant of the alimentary tract is not significantly 
influenced by the sulfonamides. The Shigella paradyscntcriac organisms are 
highly susceptible to the bacteriostatic action of the sulfonamides and show a 
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good therapeutic response to sulfapyridine, sulfathiazole and sulfadiazine even 
though it is not possible to maintain as high a concentration of these drugs in 
the alimentary tract as is possible when succinylsulfathiazole or phtlialylsulfa- 
thiazole are administered. 

THE TREATMENT OP DIARRHEAS WITH PHTHALYLSULFATHIAZOLE 

Phtlialylsulfathiazole has proved to be highly specific in the treatment 
of (Flexner) bacillary dysentery (Poth, 1943). 15 This therapeutic result could 
be anticipated from the experimental observations that the drug is quite effective 
in inhibiting the growth of coliform bacteria in the presence of a watery diar- 
rhea (Chart 8), and that a relatively high concentration of a diazotizable deriva- 
tive is maintained in the feees. 

It has, furthermore, been observed that patients suffering from diarrheas, 
but in whom the Shigella parody sent criae organisms could not be identified, fre- 
quently respond promptly following the administration of phtlialylsulfathiazole. 
Ordinarily, the most satisfactory therapeutic regimen is to give 0.04 Gm. of 
the drug per kilogram of body weight every four hours for 12 doses and then 
0.02 Gm. per kilogram at 4-hour intervals until diarrhea ceases or for a total 
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Chart 12.— The data plotted in this chart is that of D. L. B. listed in TaWe I. Att®, 
an illness of five years’ duration with practically continuous diarrhea, this patient entere 
John Sealy Hospital with an abscess in right flank, which drained spontaneously and was s 
strated to be perirenal. History revealed that the abscess had been drained, tno 
previously, and that the patient had had a daily average of 14 bloody, mucus-containing 0 j 

Ameba and cysts could not be demonstrated in the feces. After five days’ administration , R 
phtlialylsulfathiazole, the number of stools decreased to four, and they changed marhtui^ 
They were becoming formed and the blood and mucus practically 


character. 


The 


patient 



gain. Patient taking a liberal bland diet. 
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of 7 days if the diarrhea is proved to be a bacillary dysentery. The feces should 
be negative for Shigella paradysenteriae on three weekly cultures following 
treatment if carriers are to be eliminated. Only rarely are positive stools found 
on follow-up cultures, and, in these instances, the individuals should be subjected 
to 10 days’ additional therapy with 0.02 6m. of phthalylsulfathiazole per kilo- 
gram of body weight every four hours and be observed again by culture. It is 
not necessarily true that the action of either succinylsulfathiazole or phthalyl- 
sulfathiazole is entirely due to sulfathiazolc resulting from a simple hydrolysis 
of these acylated compounds. These condensation products may possess in them- 
selves intrinsic properties leading directly or indirectly to manifested anti- 
bacterial activity. 

THE TREATMENT OF ULCERATIVE COLITIS WITH PHTIIALYLSULFATHLYZOLE 

The treatment of ulcerative colitis will, of course, be determined by the 
underlying cause whenever it is possible to establish such an etiological factor. 
Since .amebiasis maj' be the etiological basis of ulcerative colitis, all patients 
having this disease complex should receive adequate treatment with one of the 
amebacidal drugs even though no evidence of amebiasis can be demonstrated. 



Chart 11 A Dlot for the complete cultural data on D. L. B. tabulated in Table I for the 

initial io da vs of theraDV The rate of alteration of the bacterial flora in this patient Is slower 
than usual because of the extensive ulcerative changes In the bowel. The entire colon has 
been converted tube The streptococci are unaffected. The colifomi 

organisms and the vegetative Clostndm are progressnyly decreasing in nuniber. The spores of 
Clostridia have not been altered. B. proteus has largely disappeared It is interesting to 
note that this patient had experienced considerable clinical benefit by the fifth daj of therapj 
before there was a demonstrable change in the bacterial flora (see Chart 1- ) The ultimate 
and proper treatment will, no doubt, be colectomy, and the patient Is being prepared accord- 
ingly. 
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Six cases of chronic ulcerative colitis have been treated with phthalylsulfa- 
thiazole. The clinical response has been satisfactory in each instance. During 
the initial period of four weeks, an oral dosage of 0.02 6m. per kilogram of 
body weight was given every four hours. The usual early course is summarized 
in Charts 12 and 13. 

One patient has been treated continuously for ten months with phthalyl- 
sulfathiazole without evidence of toxic drug reactions. During this period a 
multiple fistula in ano has healed and remained healed for three months, the 
bowel has regained much of its normal architecture, and the patient has had a 
severe upper respiratory infection without recurrence of the diarrhea which 
has been reduced from 10 stools containing blood, pus, and mucus to a single 
daily formed passage. 

The number of cases treated is too small to draw any definite conclusions, 
but it appears that this compound is at least as effective as any of the other 
sulfonamides in bringing about and maintaining the patient in a remission. It 
deserves further study. 

PUT II ALT LSULFAT H I AZOLE AS AN ADJUVANT IN SURGERY OF THE COLON 

Suceinylsulfathiazole definitely alters the postoperative course of patients 
upon whom operations on the colon are performed. The regimen used during 
the preoperative and postoperative period was outlined by us in 1942. It has 
been demonstrated repeatedly that such patients experience a smooth postopera- 
tive course (Allen, 1943, 16 and Behrend, 1944 21 ). 

Phthalylsulfatliiazole may, likewise, be used. Its administration may be 
advantageous in those instances where the patient has a diarrhea such as is en- 
countered, not infrequently, in the presence of malignancies of the cecum anil 
ascending colon, as well as in those cases when it is desirable to resort to purga- 
tion to clear the bowel. 

The ordinary course of preoperative preparation includes early purgation 
when necessary, a low residue diet or even a completely residue-free diet such 
as may be obtained when an amino acid-carbohydrate mixture such as “Mitra- 
migen’’ is given, the administration of 0.02 Gm. of phthalylsulfatliiazole per 
kilogram of body weight every four hours, and observation of the odor, con- 
sistency and bacterial count of the stools. As an indication of the alteration of 
the bacterial flora, the change in the coliform count is readily followed by the 
streak plate technique previously described in 1942. 17 

A small representative group of patients is presented in detail in Table I- 
Approximately five per cent of the ingested drug is excreted in the urine. In 
view of the smaller dosage of phthalylsulfatliiazole as compared to that of 
suceinylsulfathiazole only about half the absolute quantity of phthalylsulfa- 
thiazole is excreted by the kidneys. 

Qualitatively the comparative effects of phthalylsulfatliiazole and succinjl- 
sulfathiazole are quite similar, while quantitatively the former drug has ap- 
proximately twice the antibacterial activity. 

TOXICITY OF PHTHALYLSULFATIII AZOI-E 

There have been few toxic drug reactions seen following the oral administra- 
tion of phthalylsulfatliiazole. From the fact that this compound is reach) 
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hydrolyzed in acid solution, it should follow that toxic reactions would occur 
more frequently than when sumnylsulfathiazolo is given, especially when it 
is observed that much higher concentrations of free drug are maintained in the 
colon when phthalylsulfathiazolo is administered. This supposition has not 
been substantiated by the observed facts 

A single moderately severe toxic reaction has been observed in a 6 1-y car-old 
woman witli a large, redundant colon which was otherwise normal excepting for 
a small rectal polyp showing early, malignancy. Within 24 hours after re- 
ceiving 0.02 Gm. of phthalylsulfathiazolo per kilogram of body weight every 
four hours, this patient complained ot a generalized aching accompanied by 
headache, followed by nausea, and a chilling sensation within an additional 
twelve hours. A swinging type of fever developed to reach a maximum of 
104.4° P. orally on the fifth day of therapy. While the patient continued to be 
nauseated for the entire period of drug administration, she did not vomit. The 
maximum concentration of the drug in the blood did not exceed 2.5 mg. per 100 
cubic centimeters. The eolifonn organisms dropped from 10 7 to 10 2 bacteria 
per gram of wet stool during the five days of drug therapy. Crvstalluria did not 
occur. No red cells appeared in the urine and there were no evtological 
changes in the blood. Subsequently, this patient received 0.04 Gm. of succinvl- 
sulfathiazole per kilogram of body weight every four hours, and again similar 
symptoms developed with nausea, headache, malaise, and a temperature eleva- 
tion to 102° P. within 4S hours of administration. Obviously, this patient is 
sensitive to the sulfonamides. 

A stoichiometric analysis of t ho average therapeutic dosages of sulfa- 
thiazole, suecmylsulfathinzole and phthalylsulfathiazolo is illustrated in Table 
II. The millimolar equivalent dosage of phthalylsulfnthiazolc is about 40 per 
cent that of snceinylsulfnthinzolc and is approximately equal to that of sulfa- 
thiazole. The difference in the equivalent molecular quantities excreted in 
the urine is strikingly demonstrated. Fifteen times as many molecular equiva- 
lents of sulfathiazolc arc excreted as is the case with phthalyJsuIfathiazolc. 

Crvstalluria has not been observed to follow the oral administration of 
phthalylsulfathiazolo. The absence of crystals of drug in the urine is due to 
the facts that the free form of the drug is not excieted in large quantities and 
because the conjugated drug forms soluble salts even at a pH of 5.6. 

As an increasing number of patients receive this drug, it can be expected 
to encounter the usual toxic manifestations of t he sulfonamides, but it can be 
predicted that such reactions will he relatively infrequent. It must again be em- 
phasized that any patient receiving this drug should be under constant observa- 
tion. 

discussion 

The investigation of these various acvlated sulfonamides has introduced 
a series of compounds which have properties such that they tend to limit their 
action locally to the alimentary tract because they arc sparingly absorbed from 
the bowel. These compounds arc characterized by having a free carboxyl group 
in the molecule and form readily soluble and highly ionized salts. It is, there- 
fore, possible to maintain exceedingly high concentrations of these sulfonamides 
m tlie gastrointestinal tract without untoward toxic manifestations on the 
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Table II 

The Comparative Milliholar Dosage and Urinary Excretion of Sulfathiazole, 

SUCCINYLSULFATHIAZOLE, AND PlITIIALYLSULFATHIAZOLE BY MAN 


AVERAGE 

THERAPEUTIC 

DOSE 

EQUIVALENT DOSAGE 

IN MILLIMOLES 

AVERAGE URINARY EXCRETION 
EXPRESSED IN MILLI -EQUIVA- 
LENTS PER KILO OF 

BODY WEIGHT 

Sulfathiazole 

0.10 Gm./kilo/day 
( Molecular weight 255) 

0.392 

0.2351 

.Succinylsulfathiazole 

0.25 Gm./kilo/day 
(Molecular weight 355) 

0.704 

0.035= 

Phthalylsulfathiazole 

0.125 Gm./kilo/day 
(Moleeular weight 403) 

0.310 

0.01552 


’Assuming 60 per cent of the ingested drug to be excreted in the urine. (Barlow and 
Ciimenko, 1941.)“ 

^ ’Assuming 5 per cent of the ingested drug to be excreted in the urine. 


part of the host. The local bacteriostatic action may arise from several sources 
of which the following immediately present themselves: (1) the intrinsic 
action of the drug per se and its anion conditioned by its physical and chemical 
properties to influence the local concentration of the compound within and upon 
the individual microorganisms dependent upon the specific absorption and 
adsorption prevailing; (2) the simple hydrolysis of the conjugated drugs to 
yield the so-called “free” sulfonamides; (3) the formation of compounds in a 
nascent or excited state by the action of the microorganisms upon the absorbed 
or adsorbed acylated derivatives to yield substances possessing apparent specific 
activity merely because the thermodynamic environment is such as to favor 
the formation of an active compound in a relatively high concentration in the 
immediate vicinity of or within the cell of the susceptible microorganisms; and, 
(4) the influence of split products other than the sulfonamide radical ; i.e., suc- 
cinic acid from succinylsulfathiazole. Succinate is of importance in the sub- 
strate concerned in certain oxidation-reduction chains involved in respiratory 
enzyme systems. Such a process may alter the normal metabolism of the cell or 
even tend to eliminate or prevent the formation of substances which inhibit the 
more specific competition of the sulfonamides to fix an hypothetical substance 
required as a normal metabolite by the organisms. 

It is not clear that the free or diazotizable form of compound present in the 
feces following the administration of either phthalvlsulfathiazole or succinyl- 
sulfathiazole is sufathiazole or even some other single compound, because the 
quantity of diazotizable substance excreted in the urine following phfhalyl- 
sulfathiazole administration is less than one-half the quantity following the 
administration of succinylsulfathiazole although in the former instance, a 
diazotizable substance is present in the feces in five times the concentration 
as is the case during succinylsulfathiazole administration. 

It is logical, therefore, to anticipate that these drugs may exhibit individual 
bacteriostatic properties dissimilar to each other as well as to sulfathiazole- 
Such dissimilarities may permit one to hope that various of the condensation 
products might possess individual properties giving these compounds a degree 
of specificity against different species and strains of bacteria. 
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Regardless of any theoretical consideration of mechanisms as to action, the 
fact remains that these drugs induce profound alterations in the bacterial flora 
of the alimentary tract reducing certain organisms to a very small percentage 
of the initial population while other organisms appear complete]}- resistant. 
Because of the fact that bowel contents are not rendered sterile, but rather 
that the bacterial flora is merely simplified, the value of inducing such an 
alteration in the preoperative preparation of the colon has been questioned. 
Meleny and his co-workers' have shown that mixtures of certain bacteria are 
roughly 15 times as virulent as their pure strains. It has been demonstrated 
by Poth, Knotts, Lee, and Inui* and confirmed by Saltzstein 10 that suceinyl- 
sulfathiazole can so modify the contents of the large bowel of the dog that gross 
drainage of the descending colon into the peritoneal cavity does not result in 
fatal peritonitis. Sarnoff and Poth !0 have shown that dogs can be protected 
against necrosis of segments of the ileum following ligation of the venous return 
by adequately treating the animals with suecinylsulfathiazole prior to the liga- 
tion. 

If the bacteriostatic activity of phthnlylsulfathiazole as regards coliform 
organisms can be taken as an index of the relative antibacterial activities of 
phthalylsulfathiazole and suecinylsulfathiazole for all bacteria, then one can 
predict that the former possesses roughly twice the activity of the latter com- 
pound. This relationship will not, however, be true if either of these com- 
pounds or their degradation products have any specificity for any species, type 
or strain of organisms, 

CONCLUSIONS 

Phthalylsulfathiazole, a condensation product of snlfathiazole and phthalie 
anhydride, is an antibacterial agent of considerable interest and of therapeutic 
possibilities where activity restricted to the alimentary tract is desired. Ap- 
proximately five per cent of the orally administered therapeutic dose is excreted 
in the urine. Ordinarily, the concentration of the drug in the blood does not 
exceed 1.5 mg. per 100 cubic centimeters. As compared to their respective 
bacteriostatic activities, when measured by their ability to suppress the coliform 
organisms, phthalylsulfathiazole possesses roughly twice the activity of succinyl- 
sulfathiazole. In the absence of diarrhea and ulcerated lesions in the bowel, a 
single daily dose of phthalylsulfathiazole will effectively lower the coliform 
organisms in the feces. 

The vegetative forms of the Clostridia are greatly reduced following the 
oral administration of phthalylsulfathiazole, and stools are rendered essentially 
odorless without ordinarily producing a diarrhea. The drug is shown, likewise, 
to be an effective bacteriostatic agent locally in the bowel as is indicated by the 
alteration of the coliform bacteria in the presence of a watery diarrhea. 

An extensive study of absorption and excretion has shown that an average 
of 5 per cent of the oral, therapeutic dose of phthalylsulfathiazole is excreted 
in the urine. Analyses of stools reveal that the content of phthalylsulfathiazole 
and a “free” diazotizable degradation product chemically similar to sulfa- 
thiazole varies between wide limits and that this “free” compound may main- 
tain a concentration of 1,250 mg. per cent. 
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Preliminary trials of phthalylsulfathiazole in nonspecific diarrheas, bacil- 
lary dysentery, chronic ulcerative colitis, and for the preoperative preparation 
of the large bowel are presented. The drug appears particularly well tolerated 
by patients having ulcerative colitis and is quite effective in inducing and main- 
taining prolonged remissions of the disease. Severe toxic manifestations have 
not been encountered in ulcerative colitis patients even though the therapy has 
continued for several months. Phthalylsulfathiazole can be maintained in high 
concentration in the diseased alimentary tract of man with low concentrations 
of the drug in the blood. 

Some of the possible mechanisms through which the acylated sulfonamides 
act are discussed, and it is proposed that the action of succinylsulfathiazole and 
phthalylsulfathiazole may not be due either wholly or in part to the formation 
of sulfathiazole by simple hydrolysis. 

As indicated by the alteration of the coliform flora in the bowel of man, 
phthalylsulfathiazole, in half the dosage, is as effective as succinylsulfathiazole. 
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THE ACUTE TOXICITY OF COMMERCIAL PENICILLIN 


Henry Welch, Clifford w. Price, Jean K. Nielsen, and 
Albert C. Hunter, Washington, D. C. 


1 j ' HE large volume of clinical data collected during the relatively short 
i- time that penicillin has been used presents extremely strong evidence of 
the innocuous nature of this drag. The clinical evidence has been obtained 
on a variety of diseases through the efforts of the Office of Scientific Research 
and Development in carefully organized clinical studies. Such an accomplish- 
ment in normal times would have required years of effort by individual in- 
vestigators. From the original studies of Chain, et al. 1 and Abraham, et ah, 2 
it has been apparent that even with relatively crude preparations there was 
little to indicate any contraindication to its use in man. Later studies by 
Hobby, et ah, 3 Hcrrell, et ah, 4 ' 5 Blake and Craige, 8 and Rammelkamp and 
Keefer,' have all substantially confirmed the fact that at least so far as penicillin 
sodium is concerned, little, if any, toxicity can he ascribed to this therapeutic 
agent. It is true that recently Lyons 8 has reported an occasional, at present 
unexplained, sensitization hut such a “toxic” effect, if it may be so described, 
is apparently associated with individual idiosyncrasy rather than with penicillin 
itself. As pointed out by Lyons, “No significantly harmful effects have been 
observed. ’ ’ 

In testing commercial penicillin for “toxicity” a method has been used 
which involves the intravenous injection of mice with 100,000 units per kilo- 
gram of body weight. Five mice are injected and the product is considered 
satisfactory if none dies within a forty-eight-hour period of observation. In 
carrying out routine tests of this nature it soon became obvious that such a test 
does not measure the “toxicity” of penicillin but rather constitutes a safety 
test which is capable of eliminating only those products seriously contaminated 
with substances toxic for mice. In the assay of over 300 lots of penicillin sodium 
produced for clinical use by fourteen different manufacturers none has failed 
to pass the safety test. Similarly, commercially produced penieillin calcium 
and penieillin ammonium were found to be satisfactory’ when tested by the 
above method. A commercial preparation of penicillin magnesium, however, 
failed to pass the safety test, but in this instance the toxicity, as described later 
in this report, was shown to be due to the cation rather than to penicillin itself. 

- In order to determine the acute toxicity of commercial penicillin sodium, 
the material remaining from each lot after assay, which includes tests for 
sterility, potency, moisture content, safety, and pyrogens, was injected intra- 
venously into mice in increasing dosages. In some instances it was not possible 
to establish the “toxic level” of units with individual lots because of lack of 
material. However, it was possible to establish a “pattern” of the acute tox- 
icity of each manufacturer’s product by studying several lots, either indi- 

Pood and Drug: Administration, Washington, D> C. 
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vidually or pooled. At least three mice were injected at each level of units 
tested and repeat tests were made at the dose found to be lethal to the extent 
of the material available for testing. 


Table I 

Acute Toxicity of Penicillin Sodium in Mice 


MANUFACTURER 

NO. OF LOTS 
TESTED 

TOXIC DOSE 

UNITS/20 -GRAM MOUSE* 

APPROXIMATE RANGE 
UNITS/MG. 

A 

12 

3,500- 4,500 

100-275 

B 

6 

5,000- 8,000 

46-120 

C 

11 

7,000- 9,000 

130-320 

D 

7 

8,000-18,000 

100-346 

E 

13 

10,000-16,000 

140-750 ■ 

F 

8 

10,000-16,000 

140-330 

G 

7 

12,000-14,000 

300-400 

H 

nt 

15,000-18,000 

200-500 


5f 

S,500- 9,500 

134-160 

I 

15 

13,000-21,000 

250-540 

J 

12 

25,000-32,000 

300-500 


•All mice observed for 48 hours. 

tRecent lots of this manufacturer’s product have shown a lower potency and correspond- 
ingly higher toxicity. 


In Table I are given the number of units of penicillin sodium which con- 
sistently caused death of 20-gram mice when injected intravenously. There is 
a marked difference in the number of units found to be invariably lethal for 
mice with the various manufacturers’ products. The product of manufacturer 
A in a study of 12 lots consistently killed 20-gram mice in doses of from 3,500 
to 4,500 units, while the product of J consistently killed mice at 25,000- to 
32,000-unit dosages. It is of interest that an occasional lot of manufacturer 
J’s product failed to kill mice when injected in 30,000- to 35,000-unit doses in 
20-gram mice, while manufacturer A’s product has never been found to he in- 
nocuous in doses greater than 4,500 units per 20-gram mouse. The toxicity of 
the penicillin sodium produced by manufacturers B to I, inclusive, falls between 
5,000 and 21,000 units. In studying a number of lots of penicillin from dif- 
ferent manufacturers over a period constituting the first three months of com- 
mercial production, it has been apparent that in some cases at least there has 
been a general decrease in the toxicity of the products produced. As an ex- 
ample, manufacturer E, who produced penicillin which was toxic at levels 
of from 7,000 to 8,000 units per 20-gram mouse in early production is now 
producing penicillin which is toxic for mice at from 14,000 to 16,000 units per 
20-gram mouse. There has been a corresponding change in the potency. J n 
early production the potency was from 200 to 300 units per milligram, while 
recent lots range from 700 to 1,000 units per milligram. Similarly, eleven lots 
of penicillin produced by manufacturer H, which assayed 200 to 500 units per 
milligram, were found to be toxic at 15,000 to 18,000 units per 20-gram mouse, 
while a more recent group of five lots assaying 134 to 160 units per milligram 
proved to be toxic in doses of 8,500 to 9,500 units per 20-gram mouse. This manu- 
facturer recently reduced the purity of his preparation by changing his ex- 
traction method in order to increase his yield of penicillin. 

In studies of six different salts of penicillin it has been shown 9 that the 
toxicity is due mainly to the cation used in the preparation of these salts rather 
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than to the penicillin itself. Some evidence of this nature will be given later 
in this report. In the case of penicillin sodium the cation does not appear to 
he responsible, particularly with those products found toxic at low unitage. 
(See Table II.) In a previous study 10 it was demonstrated that there are 
substances elaborated in the production of penicillin hv the autolysis of the 
penicillium mycclia which are both pyrogenic and toxic for mice. It would 
appear, therefore, that the toxicity at lower unit levels of some manufacturers’ 
products is associated with their methods of extraction of penicillin from the 
crude metabolic solution. It is of interest, however, that with manufacturer 
J’s product, which was found to have an L D -50 in mice (intravenous injec- 
tion) of 28,000 units, the cation is responsible for the toxicity. This manu- 
facturer’s product had an average potency of 408 units per milligram and thus 
the L d -50 in milligrams of penicillin sodium was 68.6. Since chemical assay 
showed the presence of 11.7 per cent Na*, there were 8.0 mg. Na + present at the 
L d -50. The Ld-50 of Na* of sodium acetate was found to be 7.8 milligrams. 
It is apparent, therefore, that the toxieity in this relatively atoxic product is 
primarily due to the cation. 

COMPARISON OF THE ACUTE TOXICITY OF A CALCIUM AND A SODIUM SALT 
OF PENICILLIN 

Through the courtesy of manufacturer I it has been possible to study the 
acute toxicity of a calcium and a sodium salt of penicillin, both prepared com- 
mercially from a single master lot of material. The potency of the calcium 
salt was found to he 310 units per milligram with a moisture content of 2.17 per 
cent, while that of the sodium salt was 332 units per milligram, with a moisture 
content of 2.0 per cent. Chemical assay of these salts showed the presence of 
8.16 per cent Ca** and 9.97 per cent Na*. To determine the acute toxieity of 
these two salts at least three mice were injected intravenously in the tail veins 
with increasing amounts of each salt until a level was reached at which the 
product was found to be no longer innocuous. The calcium salt was lethal for 
20-gram mice in doses of 3,500 units, while a dose of 21,000 units of the sodium 
salt was required to bring about the same result. From a clinical standpoint 
this marked difference in toxieity of the sodium and calcium salts may have 
little significance since on a weight basis 3,500 units of the calcium salt would 
be equivalent to a single injection of over ten million units in a 60-kilogram 
man. 

On the basis of potency it is obvious that the greater toxicity of the cal- 
cium salt cannot he associated with penicillin as such. During the preparation 
of the salts they had equal opportunity of picking up, from the master lot, 
substances toxic for mice. To what degree this occurred should be dependent 
upon their individual combining power with such substances. It would appear, 
however, that the demonstrated greater toxicity of the calcium salt is not the 
result of its selective combining power with toxic organic material in the master 
lot of penicillin since its purity (310 units per milligram) is not much less than 
the purity of the sodium salt (323 units per milligram). 

In attempting to find the cause of the greater toxicity of the penicillin 
calcium, an L D -50 was determined in mice for both the penicillin calcium and 
for calcium acetate. The L D -50 for the calcium salt of penicillin was found to 
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be 3,700 units per 20-gram mouse. Since chemical assay showed the penicillin 
to contain 8.16 per cent Ca 4 * and its potency was found to be 310 units per 
milligram, the L n -50 in terms of Ca ++ is computed to be 0.97 milligrams. The 
Ld- 50 of Ca ++ of calcium acetate was found to be 1.03 mg. per 20-gram mouse. 
Therefore, the toxicity of the penicillin calcium is primarily due to the cation 
used in its preparation, and little, if any, toxicity can be ascribed to organic 
contaminants or to penicillin itself. Similar tests were made with penicillin 
sodium and with sodium acetate. In this ease the sodium salt had a lethal dose 
of 21,000 units, a potency as noted above of 323 units per milligram, and it con- 
tained 9.97 per cent Na + . The number of milligrams Na + at the lethal dose was 
therefore 6.31. Since the lethal dose of Na + as sodium acetate was found to be 
6.7 mg., it appears that the cation was largely responsible for the toxicity of 
this sample of penicillin sodium. 


Table II 


The Toxicity op Thp.ee Salts op Penicillin vs. the Toxicity op the Corresponding 

Acetates 


MICE 

UNITS 

PER 20 GM. 

1 

MG. MORTALITY 

PER 20 GM. RATIO* 

MICE 

MO. equiv. units M0RTALITy 

PEE 20 GM. nATIO* 


Penicillin Sodium 



Sodium Acetate 


G 

3,500 

2.97 

0/6 

6 

6.30 7,500 

0/6 

6 

4,000 

3.3G 

4/G 

6 

6.70 7,900 

2/6 

G 

4,500 

3.7S 

4/6 

6 

7,60 9,000 

3/6 


Penicillin Magnesium 



Magnesium Acetate 


G 

GOO 

0.276 

* 0/6 

9 

0.267 580 

0/9 

6 

700 

0.322 

2/G 

7 

0.312 670 

2/7 

6 

800 

0.3G7 

5/6 

6 

0.367 798 

3/6 


Penicillin . 

A mmonium 



Ammonium Acetate 


6 

4,500 

1.23 

0/6 

6 

1.50 5,500 

0/6 

3 

4,700 

1.32 

2/3 

• 0 

1.80 6,600 

2/6 

G 

5,500 

1.50 

2/6 

6 

2.10 7,700 

4/6 

G 


1.G4 

6/6 





*48-liour observations. Mortality ratio: Ratio of number of mice dying to total number 
injected. 


COMPARISON OF THE ACUTE TONICITIES OF THE SODIUM, MAGNESIUM, AND 
AMMONIUM SALTS OF PENICILLIN WITH SODIUM, MAGNESIUM, 

AND AMMONIUM ACETATES 

In view of the results obtained above with a relatively atoxic lot of penicil- 
lin sodium, a comparison was made of a more toxic lot of penicillin sodium with 
sodium acetate. Since both penicillin magnesium and penicillin ammonium 
have been recommended for clinical trial, similar comparisons were made also 
with these two preparations. All three penicillin samples tested were com- 
mercial preparations. The tests were carried out in a manner similar to that 
recorded above and the results are given in Table II, where it will be noted that 
with the sample of penicillin sodium tested, 4,000 units caused death in mice. 
Since this product contained 84 mg. of Na + per 100,000 units, there were 3. 
mg. of Na + at the 4,000-unit dose. When comparison is made with sodium 
acetate it will be noted that the lethal dose of Na + of sodium acetate is 6.7 mi 1 
grams. Therefore, the toxicity of this sample of penicillin sodium is not ue 
to any great extent to the cation, but rather to either penicillin itself or, more 
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likely, to organic contaminants resulting from the process of extraction, all 
of which can ho removed by proper extraction methods. The results obtained 
with this sample of penicillin sodium are in marked contrast to those obtained 
on the sample of penieiliin sodium referred to above which had a lethal dose of 
21,000 units. It is of interest that the penicillin sodium referred to in Table 
II produces marked local reactions in the doses used clinically. 

The penicillin magnesium preparation is extremely toxic in comparison to 
penicillin sodium or penicillin calcium. In the routine safety test, which con- 
sists of the injection of five 20-gram mice with 2,000 units each, all animals died 
within a few seconds, and it was not until the product had been diluted ap- 
proximately 1:3 (to 600 units) that the preparation became innocuous. It 
should be pointed out, however, that the penicillin magnesium was a low- 
potency material (70 units per milligram). The L n -50 of this sample of 
penicillin magnesium was found to be 7 10 units per 20-gram mouse. Since the 
potency of this product was 70 units per milligram and it contained 3.22 per 
cent Mg”, the number of milligrams of Mg” at the L n -50 is therefore 0.325 
milligrams. The L D -50 dose of Mg” of magnesium acetate was found to be 0.38 
milligrams. In the case of this preparation of penicillin magnesium, the toxicity 
of the product is primarily associated with the cation. Another sample of 
penicillin magnesium, prepared in these laboratories and having a potency of 
1,028 units per milligram, was found to have an L v -50 for mice of 7,600 units. 
However, again with this high potency preparation, the cation appears to he 
responsible for the toxicity. Since the Bd- 50 was 7,600 units and the potency 
of the material 1,028 units per milligram, the L„-50 in milligrams of penicillin 
is 7.3 milligrams. Chemical assay showed the presence of 4.23 per cent of the 
cation. Therefore, at the L„-50 there were present 0.31 mg. of Mg”, which 
corresponds quite closely to the milligrams of Jig** present (0.38) at the L D -50 
of magnesium acetate. The results obtained with both high and low potency 
preparations of pcncillin magnesium tend to question the clinical use of such 
material particularly for intrathecal injections. 

The lethal dose of penicillin ammonium is approximately 4,700 units 
(Table II). At this lethal dose there were found present hy chemical analysis 
1.32 mg. of NH 4 + . By comparison, 1.8 mg. NH,* were found to he present at 
the lethal dose of ammonium acetate. In the case of penieiliin ammonium, the 
cation, although not primarily responsible for the toxicity of this preparation, 
probably contributed substantially to the toxic effect. The commercial prepara- 
tion of penicillin ammonium was relatively insoluble in water, except in very- 
low concentrations. When this preparation was dissolved in water at con- 
centrations of 4,000 units per cubic centimeter a precipitate resulted which 
could not he dissolved even with the application of heat. The precipitate, how- 
ever, contained little or no potency, since assay of the supernatant fluid indi- 
cated that all of the penicillin was in solution. In performing the tests given 
in Table II the penieiliin ammonium was dissolved in water, the solution cen- 
trifuged, and the precipitate discarded before injection of the mice. However, 
the penicillin solution, on standing for a relatively short time, reprecipitated 
and it was not possible at any time during the study completely to clarify it. 
It is quite possible that this precipitate contributed to the toxicity of this 
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penicillin preparation. In any case it would appear unlikely that commercial 
penicillin ammonium in its present state of purity is satisfactory for clinical 
use in man. 


SUMMARY AND CONCLUSIONS 

A study of over 300 lots of penieillin sodium produced by fourteen manu- 
facturers showed all to pass the mouse safety test. 

There is a wide variation in the acute toxicity of different manufacturers’ 
products. Some products are lethal for mice in concentrations of 3,500 to 5,000 
units while one manufacturer is producing penicillin sodium lethal only at 
doses of 25,000 to 32,000 units. 

A comparison of commercial samples of penicillin calcium and penicillin 
sodium made from a single master lot showed the calcium salt to be by far the 
more toxic preparation. The greater toxicity of the calcium over the sodium 
salt of penieillin should not discourage its clinical use in man. The toxicity 
of the penicillin calcium is primarily due to the cation. 

The toxicity of high potency samples of penicillin sodium and high or low 
potency samples of penicillin magnesium is primarily due to the cation used in 
producing these preparations. Similarly, the cation contributes substantially 
to the toxicity of penicillin ammonium. 
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ACTINOMYCOSIS 


Report of a Case With Miliary Chest Lesions 


Captain Albert M. Harris, M. C., A. U. S., and 
Major Joseph B. Priestley, II. C., A. U. S. 


B OLLINGER, in 1S77, first described the disease of cattle known as “lumpy 
jaw." He attributed the cause to Actinomyces bovis. In 1878 Esracl re- 
ported a case in man. The following year Ponfick showed the essential similarity 
of the organisms causing these conditions in man and cattle. 

Actinomycosis enjoys a wide distribution, even though infrequent in oc- 
currence. According to Cope, 4 about 65 deaths result yearly from this disease 
in Great Britain. Auster' found the condition more prevalent in grain-produc- 
ing areas of the United States. Davis, 5 however, reports an even distribution 
of actinomycosis between rural and urban populations. 

The actinomyccs constitute a very commonly encountered group of or- 
ganisms. Zinsser and Baync-Joncs” found it in soils and occasionally in normal 
mouths. Microscopically, the organism has a branching filamentous structure 
with a peculiar predisposition to form into clumps or colonies. The central 
portion of these clumps appears as a mass of debris with radiating filaments 
and club forms around the periphery. This structure gives rise to the term 
“sulfur granules.” Generally these sulfur granules can be seen grossly and 
are considered diagnostic. Actinomycosis really connotes a group of diseases, 
just as the actinomyccs belong to a group of organisms rather than a single 
pure strain. Some of these organisms have aerobic qualities, while others are 
anaerobic. Most of them take the Gram stain. A few - are acid-fast. The fact 
that several types of organisms occur has led to considerable controversy. Like- 
wise, numerous names have been given to different forms of the disease caused 
by these various strains. The following quotation from Foulerton 7 indicates an 
early appreciation of the confusion: "Whilst in this country and the United 
States the term streptotriehosis has been adopted generally, continental pa- 
thologists as a rule still favour the older designation for these infections, ac- 
tinomycosis. And, writers on general medicine have not always appreciated 
the fact that these two terms are absolutely synonymous; so that one sometimes 
finds even in recent books reference made to the strcptotrichoses as if they were 
in a class of disease in some sort different from the actinomycosis.” 

Recently the controversy regarding the classification and nomenclature 
of the Actinomyces has been greatly clarified by the work of Waksman and 
Henrici. 10 According to their classification, the common type, as seen in lumpy 
jaw, has anaerobic characteristics and receives the name of actinomycosis. The 
aerobic form with the tendency to reproduce by fragmentation of the mycelium 
is designated “Nocardia.” They also mention its frequent acid-fast features. 

Received for publication. March 16 , 1044 . 
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The diagnosis rests on finding the organism in the lesions. Usually one sees 
the typical “sulfur granules.” When difficulty in finding sulfur granules 
arises, however, stains may he employed to demonstrate the individual or- 
ganisms. Pathologically, the lesions produced are characterized by a large 
amount of fibrosis, some necrosis, and the presence of a purulent exudate con- 
taining polymorphonuclear leucocytes. The picture somewhat resembles tuber- 
culosis and other granulomatous lesions, except for the more acute type of 
exudate. Sometimes giant cells appear. 



Fig. 1.. — Photograph of roentgenogram of the chest and upper abdomen, showing miliar} 

actinomycosis. 


Cecil 3 groups cases of actinomycosis according to their clinical manifesta- 
tions in the following manner: (a) The most common t.ype involves the head 
and neck. It comprises 50 per cent of the reported cases. The mouth serves 
as the source of infection, (b) The next most common type comprising 20 
per cent to 30 per cent of all cases occurs in the abdomen. This type most fre- 
quently follows an appendectomy or other similar procedure. Characteristically, 
numerous sinuses develop, (c) The third, or pulmonary, type comprises approx- 
imately 15 per cent of the total. In addition to these three more common types, 
other rare forms involving the skin or mucous membranes and the generalized 
form occur. Most writers on the subject mention the possibility of generalized 
spread. 

In 1934 Biggart 2 reported the case of a woman who developed a lesion on 
the thigh. The infection spread rapidly and death occurred within three 
months. The autopsy findings included generalized actinomycosis lesions of the 
lungs, liver, spleen, and kidneys. The case herewith presented has similar 
features. 



HARRIS AND PRIESTLEY: ACTINOMYCOSIS 


817 


The disease commonly inns a chronic course lasting from months to years. 
There have been a large number of complete recoveries reported. In general, 
however, the prognosis is not too favorable. According to Davis , 6 the cervico- 
facial type offers the best prognosis. Wangensteen 9 emphasizes the poor prog- 
nosis of actinomycosis involving the chest or alidomen. 

In the treatment the single most important factor is good surgical care. 
Wangensteen 9 emphasizes the importance of this. According to him, as the 
organism is an anaerobic one, the removal of dead tissue and debris is necessary 
in order to do away until media for the growth of the organism and to aerate 
the tissues. Numerous drugs have been used. Dobson 0 found sulfanilamide 
helpful in some eases. The action of the drug in actinomycosis appears to be on 
the secondary invaders rather than the primary infection. Joyce 8 recommends 
the use of thymol in conjunction with radical surgery. A number of authors, 
including Dobson, recommended radiation with the thought that the resulting 
fibrosis tends to wall off the infection. The iodides have been used for some 
years. Best modern opinion regarding treatment seems to be the use of radical 
surgery in connection with thymol and radiation. 

CASE REPORT 

Tlio soldier, o. Negro male aged 23 years, entered the hospital June 9, 1943, complain- 
ing of a painful swelling in the loft axilla of eight days’ duration. He recalled no injury. 
Previous to admission he received several days’ treatment with hot packs and sulfathinzole; 
the condition grew worse. 

The salient features of the physical examination on admission consisted of several firm, 
tender, nonfluctuating, enlarged axillary glands. One group felt conglomerated. The tem- 
perature registered 102®, the pulse 8S, and respiration 20 per minute. Examination of 
the blood showed 19,000 white blood cells with a secondary anemia. 

Four days after admission, incision of the left axilla produced 30 cc. of thick, white 
pus. No sulfur granules were visible grossly and the culture grew no organisms. Early 
treatment, consisting of incision and drainage with chemotherapy, resulted in no improve- 
ment. The high temperature continued. The blood culture was reported negative. Ten 
days later tho axilla was again incised and a second incision on the anterior portion of the 
chest was made. This drained several pockets and infected the tracts. Through-and-through 
drainage was established, and a piece of tissue was removed for biopsy. Upon re-examina- 
tion of the pus and from the biopsy, the diagnosis of actinomycosis was established. Pa- 
tient then received iodides both orally and by vein, thymol, transfusions, and plasma. No im- 
provement was observed, however. The temperature remained very high, seldom below 101°. 
The white blood cells numbered 35,000. The number of immature forms increased as the 
condition progressed. Four weeks after admission an enlargement resembling a left in- 
guinal adenitis appeared. This immediately suggested a metastatic abscess. Upon incision 
a few days later, pus disgorged. In spite of excellent nursing care the patient developed 
two decubit u 3 ulcers on the back. Roentgen therapy produced no beneficial results. One 
month after admission, the presence of pulmonary findings wms noted. Chest films at this 
time revealed multiple deposits distributed evenly through the parenchyma 0 f both lungs, 
although a film eleven days previously was reported negative. Frequent nosebleeds be- 
came troublesome. Death occurred seven weeks after admission, following several irrational 
days. 

Laboratory diagnosis was made on the basis of smears and tissue sections. The smears 
showed the frequent presence of an acid-fast organism. This organism was a long, slender 
rod i -with a fairly marked- tendency to produce poorly developed buds. Except for the bud- 
ding tendency, the large number of organisms present, and the predominance of cells with 
a segmented nucleus, the picture resembled that commonly seen with the tubercle bacillus. 
Sections of the actinomycotic tissue showed a ground work of relatively avascular gran- 
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illation tissue. Fibroblasts, reticulocytes, and endothelial cells predominated. Scattered 
through the tissue appeared numerous small areas of necrosis surrounded by many poly- 
morphonuclear neutrophiles. No organisms took the ordinary hematoxylin-eosin stains. 
Acid-fast stains showed the same organisms seen in the smears. Mallory’s stain for ac- 
tinomycosis was not helpful, except for one slide which had a small, but typical colony of 
so-called “sulfur granules.” 

A. guinea pig inoculated with materia! from the sinus tract died the same day as the 
patient. It showed lesions quite similar to those seen in the patient. The organisms dem- 
onstrated in the guinea pig tissues were identical to the organisms seen in the human tissue. 
No growth was obtained on Sabouraud’s or other media commonly used for fungi. 

AUTOPSY FINDINGS 

External Examination . — This is the body of a fairly well-developed, thin, young adult 
Negro male estimated to be 5'7" tall and weighing approximately 130 pounds. There is an 
ulcerated area in the left inguinal region with an opening of a sinus tract. There is a 
decubitus ulceration in the left costovertebral angle and also over the sacrum. There is a 
9 cm. recent surgical incision just lateral to the border of the pectoralis muscle on the left. 
This leads into a sinus tract in the soft tissues over the chest. There is a 2 cm. incision in 
the belly of the muscle to proride through-and-througli drainage. 

Peritoneum . — The liver border is 4 cm. below the right costal margin. The spleen is 
at the left costal margin. The peritoneal cavity contains about 50 c.c. of blood-tinged serous 
fluid. There are no adhesions in the peritoneal cavity. 

Pleural Spaces . — On removing the sternum the thoracic duct is seen to he swollen and 
filled with a mass of inflammatory tissue. Pleural spaces contain no excess free fluid. There 
are no adhesions in either pleural space. 

Heart .— Essentially normal. 

Lungs . — The right lung weighs 915 grams. There is some atelectasis posteriorly. The 
hilar lymph nodes are enlarged. Bronchi are filled with blood-tinged frothy material. The 
cut surface presents a congested appearance with considerable edema and multiple miliary 
lesions. There is considerable consolidation of the tissue. 

The left lung weighs 820 grams. The atelectasis is least marked. The cut surface is 
essentially similar to the right. In some areas there is beginning cavitation. The miliary 
lesions are uniform in size, the largest measures approximately 3 mm. in diameter. 

Liver . — Weight of the liver is 2,310 grams. The capsular surface is studded with 
miliary lesions. The cut surface is also completely taken up with these lesions. All of 
them are small and the largest measures approximately 1 mm. in diameter. 

Spleen . — Weight of the spleen is 480 grams. The capsular and cut surfaces are stud 
ded with many miliary lesions, the largest measures approximately 4 mm. 

Pancreas. — Normal. 

Kidneys . — The right kidney weighs 195 grams. The left kidney weighs 240 grans- 
There are fairly numerous miliary lesions in both kidneys. The largest measures about o 
mm. The lesions are similar to those seen in other organs except there are not so many 
them in the kidney as in other tissues. 

Adrenals . — The medullary portion is hard to differentiate from the cortex. 

Miscellaneous . — There is some enlargement of the mediastinal and mesenteric y®I 
nodes. There is a mass of enlarged lymph nodes in the region of the celiac axis, 
lymph nodes on cut section present a matted necrotic appearance. Several areas in the no 
contain purulent material. Dissection of the left axilla shows the sinus to be multi ocu • 
and to extend beneath the scapula and into the subclaricular region. It does not, lioweve , 
penetrate the pleura. 

MICROSCOPIC SECTIONS 

Heart. — Normal. - e 

Lungs . — Scattered through the lung tissue, rather uniformly, are small areas ® eC ^ e ]] 0 . 
These areas have some mononuclear reaction surrounding them; in general, however, , 
lar response is minimal. An occasional multinucleated giant cell of the Langhans yp 
seen. Miliary lesions are scattered throughout all the lung sections. 
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Liver. Scattered through the lher sections are miliary lesions which are similar to 
those described in the lung. The cellular response is again minimal. 

Spleen .• — The spleen contains a large number of miliary lesions similar to those seen 
in the lung. Many of the lesions in the spleen are larger than those seen in the lung or 
liver. In other respects they are similar. 

Pancreas. — There are, in isolated areas, occasional miliary lesions similar to those seen 
in other organs. 

Kidney. — Scattered through the tissue there are fairly numerous miliary lesions similar 
to those seen in other organs. It is noted that these lesions are frequently in the areas of 
the arcuate arteries or in the pyramids. 

Adrenals . — Adrenals are normal, except for the presence of fairly numerous miliary 
lesions similar to those seen in other organs. 

Lymph Nodes. — Sections through the lymph node show a much more passive necrosis 
than that seen in other areas. The follicular structure is almost entirely replaced. Edema 
is a fairly prominent feature. Again the paucity of a cellular response is noted. 

Miscellaneous. — Acid-fast stains were done on many of these tissues. These sections 
show the presence of an acid-fast organism in all of the areas where miliary lesions are en- 
countered. These organisms are for the most part long slender nodes with a tendency to 
appear in small groups or clumps and a marked tendency to produce branching forms. The 
large number of organisms encountered is an interesting feature. Another characteristic is 
the tendency for the organisms to be distributed widely. Mallory’s stain for actinomycosis 
was not particularly helpful. 

CONCLUSIONS 

1. A case of generalized actinomycosis showing interesting miliary lung 
lesions is reported, with autopsy findings. 

2. The first clinical manifestation appeared in the axillary glands, sug- 
gesting the infection entered an abrasion of the hand or arm. 

3. The final pathologic picture resembled in many respects the end result 
in miliary tuberculosis. The finding of inflammatory tissue in the thoracic duct 
suggests this origin for the hematogenous spread. 

4. All modem methods of treatment were employed, including adequate 
surgery, chemotherapy, roentgen therapy, thymol, iodides, and supportive treat- 
ment. None of these appeared appreciably to affect the progress of the disease 
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LOCAL EOSINOPHILIA IN MALIGNANT NEOPLASMS.,. '. 


A. J. Gill, M.D., Dallas, Texas* 


I T IS the purpose of this paper to review briefly the question of local eo- 
sinophilia in cases of malignant tumor, especially as- observed in carcinoma 
of the cervix uteri. . 

Eosinophile infiltration has been observed in many instances irr'thfe 'stromal 
tissues of a variety of neoplasms. I have noted' that tlife' phenbmenon is most 
striking and most frequent in eases df “epiderfiioid ’ ehfcfn'qma 1 ' of the "Cervix. 
In the typical case, which shows this special reaction, : tlie neoplasm’ itself is 
not remarkable in appearance and there is no very, impressive histological pe- 
culiarity which sets such tumor's apai’t, except for the marked local- eosinophilia. 
I am not aware, either, of any unusual features of clinicaLappearance or history 
in these eases prior to biopsy. - ’ • - •■■ ■ v ' 

The inflammatory reaction in the stroma of carcinoma of the cervix is 
somewhat variable, although, in most instances there is a rather marked in- 
filtration of lymphocytes, plasma cells, and moderate numbers of large mononu- 
clear cells. Polymorphonuclear neutrophiles occur with ’ somewhat less fre- 
quency. Eosinophiles are present in the vast' majority of cases, : "but usually 
are few in number, and widely scattered. They- are probably not much' more 
numerous than might be expected in many' chronic inflammatory processes. 
In a small percentage of cases these cells appear to be absent; In another small 
group of carcinomas of the cervix, there is an infiltration of eosinophiles' which 
is definitely' greater than that seen in the great majority and which, in -a few 
cases, exceeds the number of all other inflammatory' cells present. 

The characteristic lesion of the type under consideration reveals a, mod- 
erately' undifferentiated epidermoid carcinoma, in th,e stroma of which there is a 
dense infiltration of typical eosinophiles. Occasionally' the tumor stroma is en- 
tirely obscured by' the large number of these cells which lie closely packed to- 
gether. 

From January' 1, 193S, to August 4, 1943, there have been approximately 
361 biopsy fragments . of carcinoma of the cervix received in this laboratory, oi 
which 317, from 309 patients, were available for study 7 in the preparation of tins 
paper. Only eight of the'- 317 cases studied were adenocarcinomas and none o 
the eight showed the change in question. Each slide has been examined and an 
estimate made as to the frequency 7 with which eosinophiles appear among the 
inflammatory 7 cells in the stroma. As noted in a previous paragraph, most of the 
cases reveal small numbers of eosinophiles. An effort was made to pick out on J 
those in which eosinophilia was definitely 7 greater than could be seen in 
majority of the slides studied. It was decided to attempt further division of t ie 
cases, which showed eosinophilia greater than usual, into four grades of eo 
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sinophile density, designated one plus to four plus. This division was based 
upon an estimate of numbers of cell types in all parts of the tumor stroma. It 
should be mentioned at this point that the distribution of inflammatory cells 
is often variable and there are sometimes rather marked differences in the 
type of exudate from one part of a section to another part of the same section. 

I have chosen to base the one plus to four plus degrees of eosinophilic in- 
filtration upon the following estimates of numbers — i.e., one plus equals any in- 
crease in cosinophilcs above that seen in the majority of cases, to about 25 per 
cent of the total inflammatory cells present; two plus equals an estimated 25 
to 50 per cent eosinophilia ; three plus equals 50 lo 75 per cent eosinophilia ; 
four plus equals 75 per cent or greater infiltration of cosinophilcs. I wish to 
emphasize that these figures do not represent actual counts of cells, but are 
estimates based upon a survey of all parts of a single slide in each case. 

Of the 317 biopsies studied, a total of 26 slides, from 24 patients, revealed 
a local eosinophilia which definitely exceeded that commonly seen in the other 
291 biopsies. The subdivision into groups revealed the following; one plus, 17 
cases; two plus, 2 eases; three plus, 3 eases; four plus, 4 cases, Thus it can be 
seen that 7.7 per cent of the cases in this scries show what I believe to be a sig- 
nificant local eosinophilia; and in 7 (2.2 per cent) of these, it appears that 
cosinophilcs make up more than half of all inflammatory colls present. There 
is almost invariably a heavy inflammatory cell infiltration in those eases of 
marked local eosinophilia, and there were, therefore, very large numbers of 
these cells present. 

From January 1, 1938, to September 21, 1939, there wore 104 biopsies of 
carcinoma of the cervix studied from a total of 97 patients. Two of this group 
were adenocarcinomas. Eight biopsies revealed significant eosinophilia in a 
total of six patients. Three biopsies from one patient over a period of about 
six weeks, each revealed a marked eosinophilic reaction. 

Complete follow-up information on cases from January 1, 1938, to Septem- 
ber 21, 1939, was available on 53 of the patients of the original group of 97. Only 
one of this group of 53 is alive at present. This case failed to show the inflamma- 
tory reaction under consideration. Final follow-up data were available on all G 
of the patients who showed noteworthy eosinophilia in the biopsy tissue. Analy- 
sis of the 53 cases reveals that the average duration of life after biopsy of the 
6 notable eases was approximately seventeen months, whereas the remaining 
47 lived an average of approximately fourteen months. This is perhaps sug- 
gestive but not considered a definitely significant difference in such a small 
series. There appears to be no important difference in longevity between various 
degrees of local eosinophilia in this scries. 

It is obvious that there are many opportunities for error and misinterpreta- 
tion of findings in a group of this type. There is, of course, a large personal 
factor in the judgment of what does and does not constitute a degree of local 
eosinophilia in the one plus group of cases, which is definitely greater than that 
observed in the majority of slides. Another possibility for error lies in the 
smallness of the series of patients on whom up-to-date data could be obtained. 
It is possible and even probable that those patients who cannot be traced are 
more likely to be alive and are lost to sight because of change of address, name. 
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etc. It is probable, then, that some of the ninety-seven patients on whom 
follow-up data was not available, are still living although all but one of the 
fifty-three patients traced successfully to date are dead. In determining 
longevity, based upon length of life, from biopsy to death there is undoubtedly 
considerable error because of the wide differences that exist in various pa- 
tients as regards their response to early symptoms of disease and the time which 
was allowed to elapse between onset of symptoms and appearance of the pa- 
tient in a clinic for biopsy. 

It appears that the type and extent of the inflammatory reaction seen in 
connection with carcinoma of the cervix, probably does not depend upon any 
obvious features of invasion, character of tumor, or degree of superficial 
necrosis except where the biopsy fragments include necrotic debris and exudate 
from surface ulceration. In the superficial tissues, of course, where extensive 
ulceration and secondary infection are marked, there is usually an exudate, the 
cellular portion of which is composed chiefly of polymorphonuclear leucocytes. 
This is usually quite different from the type of inflammation which occurs deep 
in the stroma and which may represent resistance to tumor invasion. In a 
very few instances there is little or no inflammation in the stroma of the tumor. 
Most of this latter group tend to he rather well-differentiated tumors and often 
reveal an extremely dense, relatively acellular type of stroma. 

It has been felt by many observers that inflammation in neoplastic processes 
might represent resistance of the host. Ewing 2 notes that inflammation often 
meets the invasion of tumor tissue and that this is a significant defensive process. 

It is interesting to speculate as to the causes of appearance of inflam- 
matory cells in general and eosinophiles in particular as a response to tumor 
invasion. Dead and dying cells and many bacteria are chemotactic for inflam- 
matory cells and it is not unlikely that degenerations of tumor tissue alone might 
account for exudate in and about the tumor in many cases. As soon as ulcera- 
tion and secondary infection occur there is ample explanation for infiltration 
of inflammatory cells of various types. As regards the attraction of eosinophiles, 
Ingraham and Wartman 4 observed that eosinophiles are strongly attracted by 
certain bacteria and other substances in a manner comparable to the response 
of neutropliiles to the same chemotactic substances. They suggest that it is 
possible that eosinophiles may be attracted to a site of inflammation in the same 
manner as polymorphonuclear neutropliiles. 

Apropos of tissue breakdown and foreign protein reaction, it has been 
shown by Biggart 1 that foreign protein injected in muscle results in a poly- 
morphonuclear leucocyte response about the site within twenty-four hours, but 
at the end of about eight days the reaction is predominately eosinophilic. It 
appears, however, that in animals already showing a general eosinophilia, tbe 
injection of proteins causes a local reaction which may be predominately eo- 
sinophilic from the first. Sterile necrosis from turpentine injection gives simi- 
lar results. 

The question as to the origin of eosinophiles has come up from time to time 
in the past and there has been some difference of opinion as to their histogenesis. 
It is believed by some that tissue eosinophiles may be developed from lympho- 
cytes, plasma cells and perhaps other cell types in the tissues and that man; 
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eosinophiles seen in various conditions are formed locally and do not neces- 
sarily arrive from the blood. Biggart 1 feels that there is no distinguishing 
feature between cosinophiles found in tissues and those of blood. He concludes 
that the tissue cosinophilc “is an emigrated eosinophile leucocyte” and that 
“local eosinophilia occurs at the expense of the circulating eosinophiles. ” He 
lists many conditions in which he has observed eosinophilia. His list includes 
among others, inflamed appendices; chronic gastric ulcer; epithelioma of hand, 
head, and tongue; carcinoma of the thyroid, and a variety of carcinomas of the 
gastrointestinal tract. He makes the interesting observation that every neo- 
plasm of the gastrointestinal tract examined by him showed a local eosinophilia, 
regardless of the presence or absence of secondary inflammatory changes. 

The suggestion is made by Biggart that asceptic necrosis of an animal’s 
own tissues will set free chcmotatic factors, probably protein in nature, for 
eosinophiles; and that eosinophilia in tumors, whose protein metabolism is 
especially active, and in which there is constant aseptic destruction of normal 
and malignant tissue cells, probably is of this nature. 

A number of reports have appeared which suggest some immediate value to 
be derived from the observation of unusual eosinophilia in connection with 
neoplastic diseases, unite apart from the more academic questions as to the why 
and wherefore of the phenomenon, ttoforth and Snoke 3 regard the accumula- 
tion of many eosinophiles locally as evidence of body resistance to neoplasia. 
They report a case of carcinoma of the cervix with marked local eosinophilia in 
which the patient exhibited prolonged resistance to the progress of the tumor 
process, and they state that in instances where local eosinophilia has been a 
feature, the patient has shown greater resistance to the process, has responded 
better to treatment and lived longer than when eosinophilia was absent. It is 
their opinion that the presence of the eosinophile is a good omen in carcinoma 
of the cervix. 

Solioch 6 examined 417 cases of carcinoma of the cervix by biopsy and noted 
eosinophilia in 10 per cent. Three hundred fifty-nine of the patients in this 
series died in five years. Of this number 9 per cent showed eosinophilia. In the 
cases which remained cured for five years (5S cases) eosinophilia was noted in 40 
per cent. The proportion of cures in the total number of cases (417) was 13.2 per 
cent; in the 40 eases with eosinophilia, cures were 45 per cent. All cases re- 
ceived radiotherapy. These arc interesting observations although there appears 
to be some discrepancy in the figures. 

Pavlovsky and Widakowich’ observe that eosinophiles seem to have a pro- 
tective action against cancer invasion and that in malignant disease with marked 
eosinophilia, the course is more favorable. 

The causes of the marked local infiltration of eosinophiles in some eases of 
malignant neoplasm are, as yet, obscure. None of the usual explanations for 
eosinophilia seem entirely adequate. It is possible that special conditions of 
necrosis with liberation of protein degeneration products, or unusual bacterial 
infection of ulcerated lesions, or perhaps a strong allergic susceptibility of an 
individual to either protein products of degenerated tissues or bacteria, may 
account for this phenomenon. It is unlikely, in my opinion, that there is any 
special tumor tissue which is specifically eliemotactic for eosinophiles. It seems 
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much more reasonable to assume that the reaction is due to some change, prob- 
ably degenerative, in the tumor or in the tissue of the host or in both. This may 
not be different from an allergic reaction of the host to a protein antigen. 

SUMMARY 

What is thought to be a significant degree of local eosinophilia was ob- 
served in 7.7 per cent of a series of 309 cases of epidermoid carcinoma of the 
cervix. 

There is some reason to believe that the presence of eosinophiles in abun- 
dance in the stroma of malignant tumors is of good prognostic import (other 
factors being equal), and probably represents a better than usual resistance to 
the advance of the neoplasm. 

It is hoped that future long-term observations with follow-up cases will 
confirm the value of this phenomenon as a favorable indication in prognosis. 
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SUBACUTE BACTERIAL ENDOCARDITIS CONFINED TO A 
PULMONIC VALVE WITH MALFORMED LEAFLETS 


R. J. Rogers, M.D., Hines, III. 


E NDOCARDITIS confined to the pulmonic valve is of infrequent occur- 
rence, single eases having been reported by De Candole, 1 Lehman, 2 Leader, 3 
Grayzcl, 4 and Cockayne and Wilton. 5 In all but one of these, Leader's Case, 
the endocarditis was of the acute variety in keeping with Allen’s 5 observation 
that there seems to be a generally greater tendency for the virulent rather than 
the relatively avirulent organisms to involve the right side of the heart. Lib- 
man 7 reports that 26.8 per cent of cases of acute endocarditis involve the right 
side of the heart, and that only 1 per cent of the subacute cases affect that 
side. Denman 8 and Thayer 9 reporting separately on subacute endocarditis, 
place the incidence of cases in which the pulmonic valve alone is affected at 2 
per cent and 1 per cent, respectively. Clawson and Bell 10 found no cases con- 
fined to the pulmonic valve in their series of eighty cases. 

Aside from its unusual location as a subacute lesion, the following ease of 
endocarditis presents findings of more than passing interest, foremost of which 
is a pulmonic valve in which two of the leaflets are rudimentary. Another in- 
teresting feature is the fact that the right side of the heart showed no evidence 
of hypertrophy or dilatation, despite the marked pulmonary valve insufficiency 
caused by the defective leaflets and the superimposed inflammatory destruc- 
tion. 

CASE REPORT 

The patient, P. B., was a white male, aged 47 years, a meat cutter by occupation. 

The family history contained nothing of significance. The past history states that he 
had had tonsillitis and joint pains as a young man. He had always been weak, asthmatic, 
and troubled with dyspnea. 

Present Illness. — About six months befoie admission to the hospital he developed a dry 
cough with occasional hemoptysis. One week before admission he became ill with chills, 
lever, malaise, aching in muscles and joints, pleuritic pains, nausea, vomiting, and loss of 
appetite. He had lost twenty pounds in the last six months. After hospitalization the 
patient had intermittent febrile episodes, the tcmpeiature ranging from 99° F. to 105° F. 
He complained of cough, and pain in the chest and abdomen. 

Physical Examination. — The patient was pale, emaciated, ill appearing, with no 
cyanosis, dyspnea, or edema There were dullness on percussion, harsh breath sounds, rales, 
and a pleural friction rub in the left lower chest. The peripheral vessels were not sclerosed, 
the pulse rate was 120; rhythm regular. The apex impulse was in the fifth interspace 8 cm. 
from the midsternal line. The pulmonic second sound was accentuated with reduplication. 
Thero was a three plus rather harsh systolic murmur over the pulmonic area. There was a 
soft high-pitched diastolic murmur along the left sternal border. The liver and spleen were 
not palpable. 
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much more reasonable to assume that the reaction is due to some change, prob- 
ably degenerative, in the tumor or in the tissue of the host or in both. This may 
not be different from an allergic reaction of the host to a protein antigen. 

SUMMARY 

What is thought to be a significant degree of local eosinophilia was ob- 
served in 7.7 per cent of a series of 309 cases of epidermoid carcinoma of the 
cervix. 

There is some reason to believe that the presence of eosinophiles in abun- 
dance in the stroma of malignant tumors is of good prognostic import (other 
factors being equal), and probably represents a better than usual resistance to 
the advance of the neoplasm. 

It is hoped that future long-term observations with follow-up cases will 
confirm the value of this phenomenon as a favorable indication in prognosis. 
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Jlicroscoptc. Serial sections taken fiom the left cusp, Fig. 2, showed almost com- 
plete absence of the leaflet, except for si very small budlike projection of fibrosa. This was 
rounded and smooth, covered by endothelium, and an intact elastic lumen could be demon- 
strated under the endothelium with lVoigcrt^s elastic tissue stain. 



Fig. 2 — Microphotograph of section through the left pulmonary cusp. The subendotheltal 
elastic lamina is clearly defined in the budlike leaflet. 

Weigert's elastic tissue stain X300. 



Fig. 3 —Photomicrograph of section through the right pulmonary cusp. There are many 
neutrophils and phagocytes within the fibrosa with loss of structure. Part of a small vegetation 
with Its group of polymorphonuclears is seen at the lower edge. 

Hematoxylin and eosin X300. 


Sections taken from the right cusp, Fig. 3, showed a hvalinized vegetation attached to 
the lumen side of the leaflet, witlun which many polymorphonuclear neuttophiles were to be 
seen. The valve spongiosum (not seen in the illustration) showed the presence of many newly 
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formed capillaries and young fibroblasts. No evidence of rheumatic involvement could be 
demonstrated in serial sections of the myocardium and leaflets. Bronchopneumonia and in- 
fected emboli could be demonstrated in the sections of lung. 

DISCUSSION 

Since no rheumatic stigmata were found either grossly, or in serial micro- 
sections of the valves and myocardium, it is quite obvious that the “locus 
minoris resistentiae” for the Streptococcus viridans was the defective pul- 
monary valve leaflets. To determine whether these defects were congenital or 
acquired requires careful analysis of the gross and microscopic findings. The 
fact that no other anomalies were present in the heart is of little significance. 
Abbott, 11 in her tabulation of one thousand cases of congenital heart disease, re- 
ported 43 cases of congenital bicuspid valves unaccompanied by other defects 
and 125 cases in which other anomalies were noted. We may conclude from 
Abbott’s findings that the presence of other congenital anomalies makes it more 
likely that a given lesion is congenital, while their absence does not exclude the 
probability of a congenital etiology 7 . De Vries 12 considered that all cases in 
which the pulmonary valve is affected (by endocarditis) are due to malde- 
velopment. Koletsky, 13 referring to bicuspid pulmonary valves, states that 
they are all of congenital origin and that as far ns is known, no acquired de- 
formity of this type has ever been observed. 

The microscopic findings strongly indicate, if they do not prove, that the 
defective leaflets are of congenital origin. 

Fig. 2 is a photomicrograph of a section through the budlike prominence 
representing the rudimentary left leaflet. The fibrosa is covered by unbroken 
endothelium and the elastic laminae are intact. These findings, particularly 
the latter, are not what would be expected in inflammatory destruction followed 
by repair. It is true that the intact endothelium means little by itself, since 
regeneration of endothelium is a common accompaniment of intimal repair; 
however, it is hardly conceivable that extensive inflammatory destruction 
would leave an intact subendotlielial elastic in the remaining portion of the 
leaflet, nor is it likely that repair would so closely simulate the normal relation- 
ship between fibrosa elastica and endothelium. 

Assuming for the moment that the cusp remnants are congenital anomalies, 
we are offering the following hypothesis taken in part, from Simonds 14 to ex- 
plain their maldevelopment. In the developmental division of the common ar- 
terial trunk into the aorta and pulmonary artery, two pairs of swelling develop 
on the inner surface of the vessel. These four swellings are anlagen of the 
semilunar cusps ; later the lateral pair become divided in their longitudinal axis 
when the common trunk forms the aorta and pulmonary artery; this results m 
two groups of three pads, one group in each vessel. The semilunar leaflets are 
formed when these pads are indented, or hollowed out from above. Incomplete 
hollowing or shallow indentation of the pads from above would prduce defects 
in which the leaflet would be relatively 7 shallow or deep, according to the point 
at which the process was arrested. 

Definite proof that a given lesion of a heart valve is congenital is possible m 
some instances. For bicuspid aorta and pulmonary valves, particularly for the 
former, well-defined gross and microscopic criteria have been developed to differ- 
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cntiate between congenital and acquired lesions. The work of Bishop and Tru> 
bek 15 and later by Kblotsky 1 * provides definite gross and microscopic differentiat- 
ing points, the main one being the relationship in the raphe of the elastic media 
with the annulus fibrosa. In congenital cases the media is superficial to the con- 
nective tissue of the annulus fibrosa, which is the reverse of the normal rela- 
tionship, in which the annulus is superficial to the elnstica. Obviously, such 
criteria is of no help in determining the nature of the defective leaflets found in 
our case since we arc not concerned here with a raphe; however, the microscopic 
findings, the intact subendothclial elastica, and the absence of signs of inflam- 
mation in the left cusp seem adequate to establish the defect as congenital, while 
that in the right cusp, with all the evidence here of inflammatory destruction, 
may be purely inflammatory or due to combined maldevclopment and inflamma- 
tion. 

The a priori effect of a pulmonary valve insufficiency of over 60 per cent, 
i.e.; almost total loss of two leaflets, would be hypertrophy, dilatation, or both, 
of the right auricle and ventricle. As noted in the case report and autopsy, 
such effects were not present. The electrocardiogram was normal, and the heart 
was of normal size and shape without evidence of hypertrophy or dilatation in 
any of its chambers. This apparent incongruity demands some explanation. 
Pig. 1 shows the defective pulmonic valve and the large polypoid vegetation on 
its stalk. It was noted at autopsy that the globular dependent portion of the 
vegetation occupied the space within the valve ring usually closed by the right 
and left leaflet. It seems probable that the vegetation had some compensatory 
effect on the insufficiency by inhibiting the back flow of blood into the right 
ventricle during diastole ; in other words the mobile, rounded vegetation func- 
tioned somewhat as a ball valve, moving upward with the blood stream in sys- 
tole and dropping back into the ring in diastole, thus serving to diminish the 
effects of the incompetent leaflets. Another point to consider is the probability 
that the valve was competent before the onset of the endocarditis. This seems 
likely since many congenital defects are silent clinically; e.g., in Ivoletsky’s re- 
port of nine eases of congenital bicuspid pulmonary valves, he states that they 
were silent and were found to be of little, if any, clinical significance. The 
valves functioned competently in all instances, with no regurgitation or stenosis 
at the valvular orifice. 

summary 

This case of subacute bacterial endocarditis was confined to a pulmonic 
valve in which there was almost complete absence of two of the leaflets, tbe 
underlying etiology being congenital maldevclopment. Despite the marked 
insufficiency, there were no demonstrable changes in the myocardium of the 
right side of the heart, a fact partially explained by the compensatory action of 
a large pedunculated vegetation which functioned as a ball valve. 
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A NOTE ON A POSSIBLE ALLERGIC FACTOR IN 
ALTITUDE SICKNESS 


Julia Bakek, M.D., Mexico City 


E VIDENCE has been accumulated in Mexico City (altitude 7,325 feet) which 
indicates that allergic reactions are more common at that altitude than at 
lower altitudes. From this I have deduced Corrolary No. 1: Mountain sickness, 
symptoms of which are the same as those of allergic reactions, may be explained 
on an allergic basis, and Corrolary No. 2: The higher the altitude, the more 
allergy will be encountered. Therefore, everyone may be potentially allergic 
and may develop some type of allergy if he stays at a high enough altitude 
long enough. The importance and practical application of this is that aviators 
flying at high altitudes may increase their efficiency and avoid unpleasant reac- 
tions by taking precautions used in allergic eases. 

These points arc to be supported by case histories and data on 500 cases 
15 years of age and under, arranged in alphabetical order and taken from my 
files without selection of any kind. The cases were about equally distributed as 
to sex. There were 350 American or European and 150 Mexican patients. 

In support of the theory that allergic reactions are more common at higher 
than at lower altitudes, I shall present data regarding hives and urticaria, and 
regarding gastrointestinal symptoms. 

As a basis for comparison with my data, I have chosen the experiences of 
Vaughan 1 summarized in his statement: “I believe that we shall eventually 
find ourselves within striking di stance of the actual facts when we accept the 
statement that approximately 10 per cent of the population suffers from frank 
allergy, major allergy, while an additional 40 or 50 per cent have experienced or 
will experience some minor evanescent allergic manifestations, not sufficiently 
pronounced to require medical consultation.” 

I. Hives, Urticarial Rashes and Eczema . — 

Out of 500 individuals, 167 had either severe hives, urticarial rashes or 
eczema, there being 25 cases of the latter. 

The diagnosis of hives was made on the basis of (1) appearance, (2) loca- 
tion and the ruling out of insect bites, (3) the proved relation to taking certain 
foods three or more times and improvement on omitting them three or more 
times, (4) the occurrence often coincident with gastrointestinal upsets. The 
diagnosis of eczema was made on the basis of characteristic appearance and loca- 
tion usually in antecubital and popliteal spaces. 

II. Gastrointestinal Disturbances: Diarrhea, Nausea and Vomiting.— 
In this group many things must be considered in differential diagnosis. 
These cases are not so obviously allergic on first inspection as hives and eczema. 
However, the following points are considered in ruling out other conditions: 
1. Low blood count. 

2. Negative stool cultures. 

Received for publication, Feb 28, 1944. 
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3. Relation to certain foods: giving certain foods causes symptoms, and 
removing these foods causes improvement. 

4. Relation to hives and urticaria, rashes, both gastrointestinal disturb- 
ances and skin conditions often occurring simultaneously'. 

Of the 500 cases, 100 had diarrhea, "omiting accompanying, this in 48 in- 
dividuals. The most common offenders were eggs, milk, orange juice, and 
chocolate in that order. Symptoms in most of these cases became acute within 
three weeks of arrival in Mexico City. Later, symptoms are still present but 
in a more chronic form such as anorexia, failure to gain weight, fatigue, irrita- 
bility'. These symptoms clear up on finding and removing the offending foods 
from the diet. These reactions are definitely not due to some specific abnor- 
mality' of food or water in Mexico City, as many children develop hives, diarrhea 
and vomiting traceable to food products imported from the United States sue! 
as cod liver oil, canned evaporated or powdered milk. These cases clear uj 
when the particular food is omitted from the diet or when the patient goe; 
to a lower altitude where he may’ take that food. 


CASES 


B. B., female, bom April, 1940. Sept. G, 1941. Sudden urticaria on back, right arc 
fingers and legs, following breakfast of Pablum, orange juice, milk and soft boiled egg- 


were suspected, but four foods were omitted from the diet: orange juice, 


tomato ju>« 


chocolate and eggs. This restriction plus enema and laxative resulted in prompt so 
of urticaria. Oct. 24 to .Tan. 3, 1942, tho patient was in Los Angeles, Calif., an ^ 
ate oranges and eggs without any difficulty. On Mar. 20, 1942, the child had ha ^ 
itching urticarial rasli all over body for five days, getting worse. She had been ta ang eg^ 
and orange juice sinco her return Jan. .1, 1942. Treatment was enema, laxative, and ® 01 "^ 
of orange juice and eggs. The rasli began to subside the next day. Apr. 14, L— ^ 
mother reported that eggs without orange juice enused a rasli, and that orange J U1CC 
alone caused no trouble. 


we 


B. B. t male, bom June, 1939. Aged 4 years. Ho has mild eczema in Mexico * ) 
not in Indiana. Ho can lake fresli cow's milk and evaporated milk in Indiana, but can 
only small amounts of condensed milk here. 

A. A. B., born June, 1937, and seen first Aug. 10, 1940, soon after arrival in . 
City, because of vomiting. Physical examination gave no explanation for vomi i g 
temperature was normal. TJrino was + + + for acetone. On Sept. 30, 1940, the P a icn 
another attack of vomiting which lasted only .one day. On Oct. 15, 1940, she was j ^ 
again, and was advised to omit eggs from the diet. By Dec. 21, 1942, the child’s m ® '” ae 
repeatedly observed that trouble was related to ingestion of egg, and that the clu ^ 
decided reaction even to small amounts. Siio had never had any such trouble before conn „ 
Mexico City. 

P. C., male, born May 24, 1935. Oct. 10, 1942. Patient was first seen shortly after a 
rival in Mexico City because of vomiting, and was found to be ncidotic (acetone 
vomiting continued, lactate-Ringcr ’s solution wns given intravenously with prompt ie ^ 
Advice was given regarding foods liable to cause troublo at this altitude. On Jan “f 
1943, Feb. 5, Mar. 24, July 9, and August 28, 1943, this boy was seen because of a ( 
pain and nausea and severe hives. These attacks always responded to temporary omn ^ 
milk, eggs, chocolate and orange juice. These foods wore later tolerated, but only ™ ^ 
amounts. He bad never had any hives or gastrointestinal disturbances from t ie-c ^ 
in New. York City. He went to Now York and stayed from September to Novem <‘ r > 
and ato everything without having hives or abdominal pain. ^ 

J. D., male, born Juno 25, 1930. November, 1939. Boy was seen first due to se ^ 
hives with secondary infection. By moans of carefully followed elimination diet, eggs^ ^ 
found to cause hives on three occasions and were then omitted from the diet. Choeo a 
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found to cause abdominal pain, nausea and vomiting, and inter Iuvr« on various occasions, 
but was eaten at parties from time to time.* On trips to Acapulco (sen Ioipj) lie ate these 
foods daily without trouble. In September, 194.1. he went to Boston to boot ding school, where 
he was advised to try these foods and note re c uU*. He icported m Febiumy, i944, that he 
can eat everything and has no trouble with hives or digestive difficulties 

T. E., female, born September, 19381 At three month* of ago, this patient developed 
a rash and vomiting. She was taken by piano to Bnron^viUe (mm level), a three hours’ 
trip, and recovered immediately on arriving at sea ievcl. She gn n s to Brownsville for two 
months every six months and eats all foods, without any lines cr gaitromteMioal disturb- 
ance. Here in Mexico City by keeping a diet record it lias been found tH it orange juice, 
chocolate, egg, and milk if taken in too laige quantity, all came i.nes-, and the hives 
subside on omitting these foods. This has been recorded on the viUten mord various times. 

D. F., female, 13 years old, was seen a few dais after arnval in Mevn-o City because of 
infected hives, abdominal pain, and diarrhea. Hie nad never had mves m England where 
she had lived before coming here. -The hives began on arn*nl erd became worse until she 
omifted orange juice, chocolate, eggs, and milk from her d ct wiien they cleared up. Tlie 
exact food involved was not ascertained, a* she left shortly after tins. 

J. G., female, born July 31, 1936, has hives frequently hete Thr*e clear up completely 
in Brownsvillo and Acapulco. Skin tests in 1939 were positive for oatmeal and rice. In 
1943, thirty scratch tests were negative except oatmeal. Bice in ^pite of being negative ias 
caused a cough on three different occasions Oranges cause a cough and lunning nose. T lose 
foods were taken without trouble in Brownsville. _ 

S. P., female, born July 17, 1939, was seen July 21, 1941, because of infected hives. 
She had had hives since 1% years of age. She was put on an elimination diet, foods being 
added gradually. On Sept. 18, 1941, skin tests showed egg slightly positive, wheat negative. 
Nov. 2, 1942. History to date showed that oatmeal caused laves immediately, and that 
chocolate given for three days caused hives. Eggs caused hives within one day on various 
occasions. Emotional upsets were observed related to hive*, and temper tantrums and laves 
often occurred together. Feb. 10, 1944. Foods that cause trouble here (eggs, chocolate, pea- 
nuts, oatmeal) have been given in Acapulco without any trouble on th.ee different trips. ggs 
are given every day in Acapulco with no ill effects. The child breaks out in laves on returning 

to City. ^ ,937. Tin, child Ins lnd abdominal pam and vomiting re- 

lated to eggs on four occasions, with prompt subsidence of symptoms on omitting egg from 
diet. Hya^eat eggs seen Junc 3942 , at the age of five and a 

half years with the chief complaint of hay fever especially after Ins afternoon nap. He has 

hives hero but not in Los Angeles, California. From October, 1041, to May, 1942, l.e was 

in IT , , r r , w fever sneering, and hives, which are frequent complaints 

m Los Angeles and free from hay ievcr, -net* n , ’ ,, nil< , P 

in Mexico City. Intradermal shin tests showed marked react, ons to hototesanabus 
dust, with orris root negative. The mother was advised to cover the P ' o ' ' M terproo 

covering and keep a diary of contacts. On June 2d, after covering the pillow, he had im 

r ed so that he P no longer £ n^i“ 

isted some inflammation of the conjunctivae. ^ ^ ^ limoglol)in 78> poly8 (12, 

(t h a l f ° l0 ™ : W0 ° 3 0 t ' 19 1942, his mother reports that lie is having hives only 

Btabs 5 lymphs 20, monos 13. Oct. 19, 1J o wcre known to cause 

very three to four weeks. On Dc *. ^ scv(r „ llivc ,, which 

hives on several occasions. On Oct. i>, u,e t 

cleared up with dietary 1930, and seen first Sept. 5, 1940, shortly after arrival, because 
of V ? ' .“ from three to four daily for four days. He recovered promptly 

on _ , e . h0 y*. mOTem n ■ „ nd gelatin. On Oct. 12, 1940, he had vomiting and abdominal 
let of nee grue » ‘ » * movements and running nose for several days. Pain was 

pam preceded by severa °°f® showed slight splinting, and rectal examination was pain- 
mtennittent but severe B. C 6,550, poly^S, stabs 18, lymphs 24, monos 10. 

At 6 I!r i °ount°was W.B.C. 9,125, polys 32, stabs 16, lymphs 40, monos 12. At 6 

.m. the blood c ‘ , on Qct. 13. the temperature was normal and ho had no 

p.m. the boy was much better and on uci. -to, un i 
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pain. On December S, 1940, lie had vomiting without fever. Since arrival tlfe' boy had had 
frequent abdominal pain occurring about every week, and colds every! month lasting from 
one to two weeks; therefore he had been half sick most of the time. Dec;- 11, 1940: PAticnt 
vomited five times during the night, and had no fever. Dec. 12, 1940: He was put on a 
Eowe elimination diet, and foods gradually added. .Tan. 2, 1941: Progress 'iva's' reported as 
good. Feb. 3, 1941 : His mother said that he had had six weeks without vomiting, pain, or 
running nose. His hemoglobin at this time was 11.5 6m. June 17, 1941 : 'Summary from 
diet records showed that he had along very well except when eating chocolate, egg or orarigo 
juice. Sept. 8, 1941: Tho child had vomiting without fever. He' had' eaten both egg and 
orange juice, fed by' a now servant. Nov. 17, 1941: Patient had asthma for the" first time. 
Nov. 25, 1941 : Patient was tested intradermally with eight inhalants and found to have a 
marked reaction to cats, and a moderate one to kapok and feathers. - Dec. 1, 1941: Patient 
developed mumps, and recovered normally. Mar. 1, 1942: Patient had a severe spell of vomit- 
ing without fever, acetone in urine ++, considered due to eating chocolate. Apr. 21, 1942: 
First dose, 1 c.c., of tetanus toxoid was given. Apr, 22, 1942: The boy developed- severe 
asthma and was given adrenalin. May 7, 1942: Asthma recurred, but was less severe. 'Tatra- 
dermal tests for feathers and house dust were repeated, and the reactions were considered to 
bo sufficiently increased to warrant desensitizntion which was begun and carried out until 
he left in July, 1943. May 27, 1942: The boy was beginning to gain weight and his nose 
had stopped running. June 9, 1942: He began to loso weight again. July 10, 1912: 
Patient had vomiting, headache, sneezing, and noso runing copiously. Oii July 14 he was taken 
off of milk and Aug. 7 had gained some weight again. August 17 lie liad a mild attack 'of 
asthma. Sept. 10, 1942: The boy had asthma developing after a bad cold and cough of five 
days’ duration. Ho had a marked reaction to ragweed. On Oct.. 19, 1942, he had sneezing and 
coughing, and no more trouble until Dec. 2, when he had mild asthma and running nose, 
with slight hyperemia of the right tympanic membrane, and 101.7° F. Recovery was un- 
eventful. 


Until April 10, 1943, he had a period of improved health, with, however, no gain since 
September. At this time he drank chocolate and on April 10 he had severo headiiche, nausea 
and running nose. Enema and milk of magnesia were given and on April 17 lie was better. 
Throughout the History there lias been considerable difficulty getting the servants to dteene 
tlie diet restrictions. On April 22, 1943 he bad asthma and running nose, and on May 10 run 
ning nose and sneezing. It lias been noted that after two or three parties where sandwiches 
and cako are served, i.e., largo amounts of wheat, that he invariably gets a headache. n 
Juno 13, 1943 lie went to a picnic, ate much bread, and on June 14 had headache, stomach-ac c, 


and temperature 102° F. An enema was given and on June 10 his temperature was normal 


and he was feeling fine. July' 10, 1943: Family left for Quantico, Va. On Dec.,- 191°/ ,1S 
mother reports that the boy' can eat all foods including chocolate without discomfort of a®) 
kind, and that he has been in good health with no recurrence of the asthma or headache au 


vomiting. In other words, lio had not had these symptoms before coming 


to Mexico City, 


they were marked during his stay hero of nearly three years, and he did 


not have them after 


returning to sea level. 

if. P., male, born June 9, 1939, younger brother of preceding case, was seen first ® ’ ' 

1941. On Feb. 27, 1941, lie had roseola infantum and on June 17, 1941, a scaTlathn^o ^ 
rash on body, slight amount on face and none on the extremities, without fever. On >- 
4, 1941, he had hives. On April 1, S, and 15, 1942, lie was given typhoid vaccine. 

1942, he developed cough and running nose, at which time intradermal skin tests 
with a marked reaction to orris root, a mild reaction to feathers and a negab' e r 


to house dust. j ion .. 

On May 8, 1942, he had severe hives and was placed on an elimination diet, w nc ^ 
ever was not carefully followed. On May 15 he had more hives and on May 19 -!y n .^jty 
continued and he had a running nose. On June 9 lie had a mild attack of asthma, 
scratch tests were done, including both foods and inhalants. He lin'd -positive reae ^ 
milk, rye, peas, horse and goat dander, orris root, kapok and feathers. By Juno ^ 
better, and he was given tho second tetanus toxoid injection on June 23 with no ill e ^ 
continued to improve and by July 12 evidence indicated tiiiit bread caused the hives.^ ^|. w j ar 
of his history is uneventful except for an upper respiratory infection in October m 
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tonsillitis from which lie recovered normally, frequent complaints of .stomach-ache in January, 
1943, and n cough and running noso in April. This boy got along better than his older brother, 
S. P. Ho was considered to be potentially allergic and measures were instituted to protect him, 
from tlio beginning, by means of a dust free room, avoidance of foods commonly causing 
trouble, and varying the diet as much as possible. However his condition was not ideal, and 
ho had allergic reactions from time to time until going to Quantico, Va., where he had none 
in spito of eating everything, and taking no particular precautions. Like his brother, he 
had been well until coming to Mexico City, and was well again after going to sea level. 

P. C. S., female, born July 31, 1936, and seen shortly after arrival from sta. Engracia 
(altitude 800 feet) on Aug. 11, 1942 This child had never had hires before coming to 
Mexico City j they began about two weeks after arrival, and were accompanied by anorexia. 
On examination a running nose, inflamed conjunctivac and severe hives were found. She 
was put on an elimination diet. Bi Aug. IS the skin was clearing, hut the conjunctivae 
wero still inflamed. By Sept. 11 enough evidence had been collected to indicate that tomatoes 
caused the hives and this was later corroborated by a report on Oct. 20, at which time the 
skin was clear except for a small patch of eczema on the left cheek and eyelid. She had a 
positive reaction to feathers and was advised to have her pillow covered with waterproof 
material. She was seen again Jan. 22, 1943, at which time the conjunctivae were better and 
it was reported that she had had no trouble in the interval. 

J. S., female, born Sept. 2, 1941, was 9 months old when first seen, with a history of 
never having been ill. She arrived in Mexico on June 2, 1942, and became ill June 6 with fever 
and ten bowel movements in twenty-four hours. The blood count was 9,600 W. B. C., 28 polys, 
17 stabs, and 55 lymphocytes, and the stool culture was negative. On June 8 the count was 
W, B. C. 6,800, polys 28, lymphs 49, monos 6, and stabs 17. Sulfaguanidiue was given, to which 
tho response if any was slow. She was given powdered lactic acid milk, gradually increasing 
from a weak formula. On July 10, 1942, she had four loose bowel movements which were con- 
sidered duo to liver soup. 

On August 1 she again had diarrhea, eight bowel movements in twenty-four hours. Ho 
treatment was given except to take her ofT milk and m 48 hours her bowel movements were two 
per twenty-four hours. She was then given Sobee which agreed with her for about two 
weeks. On Aug. 1G she lost her appetite, and had a running nose and cough. Otitis media 
developed on Aug. 20 and she had fever and a slight rash. She was started on sulfadiazine 
and nose drops. There was no improvement, tho fever and rash continuing, to which was 
added marked flatulence. On Aug. 24 Sobee was discontinued, and on Aug. 26 the baby had 
normal temperature and the rash had disappeared. Urine was negative, and W. B. C. 10,750, 
polys 13, lymphs 87. By Aug. 27 she had a good appetite and her cold had entirely 'cleared 
up, IV. B. C. 13,050, polys J3, lymphs SC, has. 1. In September she had fever and a running 
noso for two days. Urine was negative. In October she had diarrhea again with fever of 
102.5° and vomiting. There were 9 bowel movements in the first twenty-four hours, on Oct. 
11. This cleared up on a restricted diet. On Oct. 14 in spite of a normal temperature she 
had nausea and vomiting for one day. The urine was negative and the blood count was as 
follows: W. B. C. 10,300, polys 21, lymphs 77, monos 2, hemoglobin 14.5 Gra. Her health was 
good until Feb. 6, 1943, when she had a severe but short illness, with fever ranging between 
104° and 105° F. for two days. The physical examination was negative except for eczema 
in the popliteal spaces. Urine was negative, chest x-ray was negative and there was no 
blood or pus in the bowel movement. The blood counts are given below: 

Feb. 6 W. B. C. 27,750 polys 46 stabs 22 lymphs 29 monos 3 

8 IV. B. C. 32,750 polys 34 stabs 14 lymphs 49 monos 3 

9 W.B.C. 11,800 polys 17 stabs 11 lymphs 70 Eo 2 

10 W.B.C. 7,350 polys 16 stabs 1 lymphs 81 monos 1 Eo 1 

. In view of her history, after finding no evidence of infection, every effort was made to 
clear out her gastrointestinal tract by means of frequent enemas and milk of magnesia. 
Aspirin did not bring down the fever during tho first day and she had one convulsion. Sulfa- 
diazine was given, 1 grain per pound per day, and a blood culture was considered but was not 
done when the temperature began to drop quickly and stay down. On Feb. 9 the child had a 
normal temperature and was feeling well. On February 5 the child had had corn starch 
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pudding made with milk, two largo helpings. This was the first milk she had had since August, 
1942. No explanation was found which could adequately explain this illness. 

Shortly after this she was taken to Los Angeles, Calif., where she took all foods including 
milk and had no trouble or illness. She was advised to do this, but five days before return 
to Mexico City she was to go on a diet omitting the foods known to cause trouble here, i.e., 
lamb, liver, eggs, and milk. On May 4, 1943, she returned from California. She had no 
trouble until May 22, when she had a temperature of 104.5° F., and much fetid gas. On May 
21 she had eaten cakes made with milk and egg, the first time she had broken the diet since 
her return. The blood count was: \V. B. C. 15,850, polys 35, stabs 3, lymphs 5S, monos 4, 
Treatment was milk of magnesia and enema and on May 23 she was well. Desensitization to 
milk was begun very gradually in June, 1943. Wheat was still omitted because of activating 
the eczema. In December, 1943, the child could fake milk, but net wheat. Her condition at 
this time was good. 

ill. S., female, born February, 1932, and seen first Fob. 24, 1941. There was a history 
of colds about every' month, recurrent otitis media about fifteen times with mastoid involve- 
ment twice. Teeth were carious. Tuberculin test was positive, and chest x-ray T negative. 
Tonsillectomy was done at IS months of age. The only history of allergy was occasional 
hives resulting from ‘ ‘ cold ’ ’ injections. Physical examination showed a pale, undernourished 
nine-year-old girl. On March 10 hemoglobin was 14 Gm., W. B. C. 11,100, R. B. C. 4,930,000, 
poly's 40, Eo 8, lymph 50, monos 2. 

April 24, 1941. Stool examination showed cysts of Endomeba histolytica. Treatment 
was with vioform and carborsone, after which stools were negative. July 16, 1941. Patient 
was seen because of vomiting and hives, no fever. This subsided on the usual treatment of 
enema, milk of magnesia, and temporarily restricted diet. On Sept. 30, 1941, sedimentation 
rate was normal and hemoglobin was 15.5 Gm. On Oct. 14, 1941, she had asthma for the 
first time. Skin scratch tests of 17 inhalants showed 23 foods negative, and cat hair, feathers 
and house dust markedly positive. Treatment was by means of elimination diet and dust-free 
room, with plans to desensitize her to feathers and house dust on her return from Acapulco. 
She improved on this regime. From Nov. 25 to Jan. 28, 1942, she was in Acapulco, sea 
level, where she ate everything, wheat, eggs, etc. Asthma developed on the trip up to Mexico 
City. On Feb. 10 she again had asthma, which was thought related to exposure to feathers, 
and she was advised to have the pillows covered. This was done. The asthma recurred Fek. 
21, 23, and 28, but was milder. On Mar. 12 she had asthma and a cough as well, so on 
March 16, 1942, desensitization to feathers and house dust was begun and continued to (late 
because of the fact that much of the furniture in the house is upholstered with feathers. On 
Apr. 11 she had a pain in her hip, back and shoulder without fever or swelling. April 1 • 
Patient began eggs. On Apr. 23 she began to vomit, and had no fever. She was g ive ® 
an enema and milk of magnesia and told to omit eggs. The next day’ she was slightly hotter 
although feeling very weak, and on Apr. 25 she was well. 

May' 5, 1942. Ty-phoid injection caused temperature of 100.4° F. and malaise f° r 
three day’s. Other doses were given in divided amounts. The diet record showed that g ra F s 
had caused hives on several occasions. Her general condition was improving. On June 
she had vomiting again without fever. After an enema, milk of magnesia, and omission 
the latest addition, lamb, to the diet, she recovered and on June 26 was well. On July 4, ^ 

she broke the diet and had hives the next day’, and asthma on July 6. Raisins and grapes wer^ 
known at this point to cause anorexia and hives. On October 25, 1942 she had sneering an 
mild asthma which cleared on omitting milk. 

From Dec. 5, 1942, until Feb. 10, 1943, she was in Acapulco for school vacations. Sh 
had no trouble going down but on coming up her nose began to run, with severe s ■ > 

which developed into asthma on arrival in Mexico City. She was advised to take an ® ’ 

milk of magnesia, and go back to the original diet, for a few days. On Feb. 11 she "as 
and went to school. From Feb. 11, 1943, she has had regular desensitizations and diet 
tions except when in Acapulco, and has had no illness except influenza Nov. 18, 1943. 

Dec. 3, .-.1943, until February, 1944, she was in Acapulco and ate all foods without resJic 
or ill effects. She had no trouble going down but on coming up she had a running nose 
sneezing. i 
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E. S. t female, born Mar. 29, 1941, began to refuse her milk Oct. 14, 1941. In November 
she was still taking less milk and losmg weight. Sobee was tried but she would not take it. 
In January, 1942, she developed eczema on her elbow which mipioved with tar ointment. 
In April she had a mild diarrhea with green bowel movements, three in twenty-four hours; this 
cleared up with a temporarily restricted dtet. On May 4, 1942, she had a running nose. July 
7, 1942. The baby developed a patch}* rash on the buttocks which was thought to be due to 
Monilia. The diapers were boiled, and gentian violet was used. Tins gave no results so 
modified Whitfield’s ointment was tried. Treatment was given over tlnee weeks during which 
time the condition was getting worse. On Aug. 6 the mother was told to omit milk and 
wheat and two days later the skin was nearly normal, and continued to impro\e. On Aug. IS 
tho baby was getting Sobee, but tins was discontinued on Aug. 21 and Klim was tried again. 
On Aug. 26 the baby had a running nose, anorexia, was very fussy and had not gained 
weight. On Aug. 27 she was better, Klim having been omitted and an enema given, and 
on Aug. 28 she was much better. 

On Oct. 28, 1942 she had vomiting and thiee bowel movements, and had had no appetite 
for five days. At this point the baby was taken to Brownsville for two months and theie 
had no trouble at all in spite of taking all foods, and drinking milk. She was advised to go 
on the restricted diet five days before her return; this was done. However, her mother felt 
that since she could take milk in Brownsville so well she would try a little here. She gave 
evaporated milk; this produced urticaria. Several days later, Feb. 27 and 28, Klim was 
given, and she developed vomiting, acidosis, and temperature of 10 1 6 . She was still vomiting 
Mar. 1, and had a generalized urticaria involving face, body, and exti entities, which was 
severe. Her temperature went to 102 2° on Mar 2 and became normal on Mar. 3. Treatment 
was the usual one of clearing out the gastrointestinal tract, and intravenous lnctate-Ringer ’s 
solution. Blood counts were as follows: 

Mar. 3 IV. B. C. 15,400, R. B. C. 4,000,000, Hb 11 Gm., polys 43, stabs 4, lymphs 40, 
monos 9, Eo 3, B 1 

9 IV. B. C. 10,600, Hb. 12 Gm., polys 30, lymphs 05, monos 3, Eo 2 

No milk, eggs, orange juice or chocolate were given from then on, and vitamin C and 
calcium were added. The mother was very caieful to vary the diet, alternating foods so that 
no one food was given more than once or twice a week, and no food was taken in any great 
quantity. On this regime the baby improved steadily and gained weight. 

On Nov. 11, 1943, she went to Brownsville and her mother was instructed to give foods 
omitted here, but to begin the Mexico City diet five days before return. On Feb. 18, 1944, 
her mother reports that in Brownsville she is taking pasteurized cow’s milk, egg, bread, orange 
juice, in fact a diet without any restrictions, that she has been in excellent health and has 
gained seven pounds. 

B. V., male, born Mar. 4, 1942, had had no illness before coming to Mexico. He was 
seen shortly after arrival Oct. 1, 1942, because of a running nose. On Oct. 21 he began 
to vomit, and his mother was advised to omit egg and orange juice from the diet, and to 
continue with evaporated milk. As he vomited frequently on Oct. 28, he was changed to 
Klim. Nov. 2 he had a running nose again and Nov. 23 anorexia and loose bowel movements, 
two a day. On Dec. 3 this developed into diarrhea with six bowel movements a day, which 
however were not liquid. On omitting all milk, the diarrhea cleat ed up. Dec. 23 he had 
another spell of running nose, and the same on Jan. 15, 1943. On Jan. 21 he took milk 
half strength for the first time since December and cried from 1 to 7 a.ji. w ith colic and 
fever. Then he began to vomit and became acidotic, urine being positive for acetone and 
negative otherwise. Intravenous lactate-Ringer’s solution was given, and the gastrointestinal 
tract was cleared out. On Jan. 23 he was well, and was started on a milk substitute of 
cereal, gelatin and oil, which he took well. On Feb. 10 he had his second combined diphtheria 
and tetanus toxoid injection with no reaction. On Feb. 18, 19, and once the morning of Feb. 
20 he was given milk. He developed fever, vomiting and acidosis, and was treated with 
milk of magnesia, enemas, and subcutaneous fluids. The urine became free of acetone on 
Feb. 23. His mother was advised to give no milk of any kind for several months. On Apr. 30 
lie had fever, which lasted three days. Tuberculin test was negative. On Apr. 13 n Schick 



838 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


test was done. He got along very well until May 18, when milk was given by mistake. His 
temperature went to 103° F., the fever lasting one day. Treatment was milk of magnesia 
and enema. On May 26, desensitization to milk was begun by giving very small amounts and 
gradually increasing. He was not able to take this, but could take boiled goat’s milk on 
which he gained weight. In June, 1913, ho went to Laredo, and his mother was advised to 
feed him everything while there, but to give the Mexico City diet three days before return. 
He took orange juice, eggs, evaporated cow ’s milk while there and was very well during the 
eighteen days. Shortly after his return in July he had three days of unexplained fever, and 
from then on was very well except for influenza in December, 1943. , ' 

A. TV., female, born Sept. 11, 1939, was seen Sept. 30, 1943, four days after arriving 
in Mexico City from West Virginia. Hives began Sept. 2S and got progressively worse. 
She was treated with enema, milk of magnesia and omission of milk, eggs, orange juice and 
chocolate from the diet. On Oct. 1 she was better. On Oct. 7 she took orange juice and did 
not develop hives. On October 13, she ate eggs and had hives. On Jan. 7, 1911, she was: 
in for a check up, and her mother stated that four times hives have been noted directly 
related to the ingestion of eggs. This child had never had hives before coming to Mexico.- 
D. T., a 15-ycar-old girl was seen first Feb. 21, 1911, because of severe hives and 
angioneurotic edema. She had lived in Chicago, came down by train to the border and at 
Brownsville took the plane to Mexico City. She had never had any hives, hay fever, eczema or 
other allergic complaint in her life, though her father had eczema and her uncles hay fever. 
Within half an hour of travelling in the plane she was itching all over and by the time she 
arrived here, both eyes were swollen shut. Since arrival Dec. 16, 1913, she has been much 
troubled with hives and swelling, except when she went to Acapulco and got complete relief. 
On her return to Mexico City the hives and angioneurotic edema recurred. She was put on 
an elimination diet by another physician, but has not had time to arrive at conclusions as 
to what is causing the trouble. She is going to Acapulco again today, Feb. 22, 1944. 


In addition to these eases, I should like to quote the statement of Dr. "W. L. 
Garnett, U. S. Public Health physician here in Mexico City who says lie fre- 
quently has adult cases, tourists to Mexico City, who complain of severe hives 
and who have never had hives before in their lives. 

The high incidence, the accumulative period, and the character of the 
symptoms of these proved allergic manifestations in Mexico City are similar 
to those of mountain sickness. In that condition the well-known symptoms 
are nausea, vomiting, depression both mental and physical, and diarrhea. More- 
over, experimental exposure to reduced partial pressures of oxygen has shown 
an accumulative period before symptoms appear. 2 At a four-hour daily ex- 
posure to a simulated altitude of 12,000 feet, mild symptoms appeared during 
the third week. With a daily exposure of seven hours, nausea, loss of appetite, 


etc., appeared at the end of the first week. 

It has occurred to me that the anoxia experienced at an altitude such as 
that of Mexico City may result in a greater absorption and accumulation o 
protein products than at low levels. Something of this character may account 
for the very much higher incidence of allergic manifestations in Mexico City . 1 
mountain sickness itself, similar factors may be possible contributing causes. 
Low partial pressure is evidently the basic cause of mountain sickness and t us 


definitely modifies various physiological functions. 

I have been able to find only one reference in the literature available to me 
indicating an influence of altitude on allergic manifestations. This is a pap er , 
by Kopaezewski and Marezewsld 3 on anaphylactic shock, recording the pi'.d 1 
tion of convulsions in guinea pigs sensitized to beef serum albumin one nioi 
previously. These animals together with normal controls were placed m 8 
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pneumatic caisson at the Bourget airdrome and the atmosphere depressed at a 
rate corresponding to a rise in the air of 1,000 meters per minute until the 
equivalent of 10,000 was reached At the latter figure all sensitized animals 
were in convulsions (with the exception of those which had gone into convulsions 
earlier). A slow descent was made. At 6,000 meters (in three minutes) all 
the animals slowly recovered, the only symptom persisting being a lowered 
temperature. The controls remained normal except for a slight, lowering of 
temperature. 

Loss in weight characteristically accompanies the anoxia of high altitudes 
and the reasons for this have been assumed to be loss of appetite, restlessness, 
diarrhea, etc. 4 The loss in weight among members of mountain climbing expedi- 
tions has always been high. Of particular significance is the report of Hurtado* 
that native Andean children in comparison with those of similar stoek at sea 
level are underweight. 

SUMMARY 

From the records of a random sample from private practice of 500 in- 
dividuals in Mexico City, fifteen years of age and under, about 50 per cent were 
found to be frankly allergic. Of the five hundred, 167 bad either severe hives, 
urticarial rashes or eczema, and one hundred had gastrointestinal symptoms 
directly related to the ingestion of certain foods. Evidence indicates that these 
symptoms are either milder or do not occur at all in these same individuals 
at lower altitudes. In those coming to Mexico City, a period of about three 
weeks is usually required in the older children for the effect to accumulate 
and become manifest in symptoms. It is suggested that anoxia occurring at 
this altitude may result in a greater permeability of the gastrointestinal tract 
to offending substances. In view of the similarity in many of the cases to condi- 
tions found in mountain sickness, the possibility is suggested that similar factors 
may be contributing causes in such conditions, and may be of interest in aviation 
medicine. 

ficcommemlatwns: Children with allergic reactions to foods do well at this 
altitude if the following precautions are taken : (1) avoiding overloading on any 
one food, (2) not giving any one food more than once or twee a week, (3) 
avoiding eggs, chocolate, and too much cow's milk, wheat and orange juice, and 
(4) supplementing the diet with vitamins A, D, B complex, C and calcium. If 
certain foods cause serious trouble, they must be temporarily omitted from the 
diet. Thus it is concluded that aviators who have symptoms similar to those 
described or others that cannot be explained except on an allergic basis Would 
do Well to take these precautions. 
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EFFECT OF HEPARIN ON PHAGOCYTOSIS 


Observations on P. Lophurae in the Chick 

R. H. Rigdon, M.D., Little Rock, Ark. 

E XPERIMENTAL observations have shown that heparin does not affect 
either the phagocytosis of staphylococci by polymorphonuclear leucocytes 
or the phagocytosis of particles of India ink by the cells of the reticulo-endo- 
thelial system. 1, 2 Both of these studies were made upon the rabbit. Von 
Jansco 3 observed that heparin when given intravenously to mice prevented the 
phagocytosis of colloidal particles of gold during an interval of ten minutes. 
CapelP has emphasized a fact that is significant in any study of phagocytosis. 
That is “the reticulo-endothelial cells of the venous sinusoids are even more 
indifferent to particulate matter than to soluble dye.” There may be a similar 
selectivity in the phagocytosis of various types of substances by cells of the 
different organs. 

The mechanism of phagocytosis is not fully understood at the present 
time. Both normal and immune sera aid the process of phagocytosis of bacteria 
by leucocytes. Wright and Douglas 5 gave the name “opsonins” to the active 
substance which in their opinion was present in serum and aided phagocytosis. 
It appears from previous experimental studies that heparin does not affect the 
relationship of serum to the process of phagocytosis of staphylococci by leuco- 
cytes. 1 Few observations have been made upon the effect of heparin on bae- 
teriologic and immunologic processes. 

Phagocytosis apparently is a significant process in the defense of the lies' 
against, plasmodia. This process of phagocytosis occurs in all known specie- 
infected with malaria. Kinsely and his associates 0 recently advanced the theor? 
that malarial parasitized erythrocytes are coated with either fibrin or a fibrin 
like substance and only these coated erythrocytes are phagoevtosed. Furthei 
more, this fibrin or fibrinlike substance produces a clumping of red blood ce s. 
These masses are phagocytized more readily than individual cells. Rite an 
Wherry 7 in 1915 suggested “that foreign particles as carbon, carmin granues, 
etc., are “taken up” by leucocytes because the latter . . . have sticky surfaces. 

This paper is a report of our observations upon the effect of liepaiw 
the parasitemia produced by P. lophurae in chicks. In this study we concu 
in the opinion that malarial parasites are removed by a process of phagocy' 0SlS 
This does not imply, however, that phagocytosis is the only defense mechanis^ 
that the body has against plasmodia. Observations are also included m ^ 
paper on the effect, of heparin upon agglutination of both red blood ce s a 
bacteria. 

From the Department of Pathology, School of Medicine. University of Arkansas. 

Rock, Arkansas. Research Paper No. 545, Journal Series. Depart' 

The data for this paper were obtained during the time I was a member of 
ment of Pathology at the University of Tennessee, Memphis, Tennessee. 
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METHODS AND MATERIALS 

P. lophurac was the strain of malarial parasite used in these experiments. 
It had been transmitted through young white Pekin ducks at frequent inter- 
vals for approximately two years Six months preceding the time that this 
experiment was begun, these parasites were transferred to young chicks and 
thereafter carried in young chicles. 

The chicles with malaria were killed on the third or the fourth day of 
the disease. The blood was obtained immediately from the heart, mixed with 
an equal volume of a 2 per cent solution of sodium citrate in normal saline. 
One half cubic centimeter of this inoculum was injected intravenously into 
the veins about the ankle. The chicles varied in age from three to ten days. 
In each experiment, however, an identical group of birds was used for both 
the experimental and the control observation. A majority of the chicks were 
white giants. White leghorns and white rocks were also used. 

The anticoagulant used in these experiments and referred to as heparin 
was "Liquaemin.” It was supplied by Roche-Organon, Inc., through the 
courtesy of Dr. R. J. Flood}’. The following procedure was used: 0.1 c.c. of 
heparin was injected intramuscularly every four hours. A total of six in- 
jections was given. Heparin was injected into the chicks with malaria at 
different, intervals as given in the individual experiments. 

One cubic centimeter of blood was removed from the heart of the chicks 
immediately after they were sacrificed. This blood was placed in a test tube 
(T.5 x 1.0 cm.). It was observed to determine the time in whicli clotting 
occurred. The tubes were kept at room temperature for twenty-four hours. 
They were carefully inverted at intervals to determine the presence or the 
absence of clots. The blood from normal chicks clots within an interval of 
five minutes. 

The degree of parasitemia was determined by counting the number of 
parasites in a given number of red blood cells. Blood for these smears was 
obtained from the toes. They were stained with a combination of Wright’s 
and Giemsa’s stains. The number of parasites in 100 cells was counted. These 
data were used for the statistical analysis. The number of parasites in 500 
red blood cells was used for the graphs. This represents a multiple of five 
for the actual number of red cells counted. The points plotted upon the graphs 
represent mean values of the counts. 

In the experiments where the effect of heparin on clotted blood was studied 
1.0 cubic centimeter of blood was obtained from the chick’s heart and placed 
in a test tube (7.5 x 1.0 cm.). After clotting, 1.0 cubic centimeter of heparin 
was added and the clot was separated from the wall of the tube by carefully 
rimming it with a small wooden stick. Tubes were kept both at room tem- 
perature and in an incubator at 37.5° C. for 24 hours. The clots were then 
examined microscopically. 

In studying the effect of heparin on the agglutination of red blood cells, 
types two and three sera were used. A suspension of red cells was obtained 
from the same blood types. A series of titrations were prepared in which 
heparin plus an equal volume of saline, was used as a substitute for saline 
in the control. In a second group of observations, serum was placed on a 
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glass slide with a suspension of red blood cells of opposite type. After aggluti- 
nation one to two drops of heparin were added. The heparin was added to 
the serum in some of these latter observations preceding the addition of the 
red blood cells. 

In observing the effect of heparin on the agglutination of bacteria, an (H) 
typhoid antigen and immune serum were used. A series of dilutions, 1 :10 to 
1 :10, 640 were prepared. Saline was used as the control diluent and heparin 
as the diluent in the experimental group. In one series the antigen was 
suspended in saline, and in a second it was suspended in heparin. 

The “t” distribution was used for the testing of significance.* 

EFFECT OF HEPARIN ON THE CLOTTING OF BLOOD 
IN NORMAL CHICKS 

A group of eight chicks was given intramuscularly two injections of 0.1 
cubic centimeters of heparin at four-hour intervals. Two of these were killed 
four hours subsequent to the last injection. The blood from each of these 
failed to clot within 24 hours. Two chicks in this group were killed eight 
hours following the last injection. The blood from these clotted within a 
period of 30 minutes. Two chicks were killed 10 hours after the last injection 
of heparin. The blood from one of these chicks clotted within an interval of 
10 minutes while that from the second chick clotted within a period of 20 
minutes. The blood from normal chicks clots within an interval of five minutes. 


Table I 

Effect of Heparin on tiie Time of Clotting of Chick’s Blood* 


NUMBER OF CHICKS 
KILLED 

[hours following last 

1 INJECTION OF HEPARIN 

remarks 

2 

4 

No clot formed within 24 hours 

2 

8 

No clot formed within 24 hours 

13 

11 

Clot formed in 30 minutes in 2 cliicks 

Clot formed in 00 minutes in 3 clucks 

Clot formed in 24 hours in 2 chicks 

No clot formed in 24 hours in 6 chicks 

2 

12 

No clot formed within 24 hours. .. . 

2 

20 

Clot formed in 2 minutes in 1 cluck 

Clot formed in 10 minutes in 1 cluck 

4 

36 

Clot formed within 3 minutes 


*0.1 c.c. of heparin injected intramuscularly every 4 hours for 0 injections. Chicks killed 
and 1.0 c.c. of blood withdrawn from heart. 


A group of 25 chicks was injected intramuscularly with 0.1 c.c. of heparin, 
every four hours for a total of six injections. These chicks were killed at sub- 
sequent intervals and the blood was observed to determine the time of clotting- 
The results of these observations are given in Table I. From these data it 
is evident that the time in which clotting occurs is delayed during a peno 
of 12 hours following the last injection of heparin. In these chicks there is 
little if any variation from the normal in the time of clotting of the hloo 
removed 20 hours following the last injection of heparin. Blood removed 
hours subsequent to the last injection of heparin clots within the same mtena 
as that from the controls. 

*1 am greatly indebted to Dr. F. L. Roberts, Professor of Preventive Medicine. Uni\ erslt. 
of Tennessee, for his assistance in the statistical problems concerned in this stua>. 
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A retraction of the clot was present, after 24 hours, in the blood of three 
of the four chicks killed 3G hours after the last injection of heparin. Retraction 
of the clot did not occur in any of the blood removed from the chicks given 
the heparin and killed at shorter intervals than 36 hours. In some of these 
experiments it was observed that the serum overlying the cells was coagulated 
and that the underlying cells were not clotted. Infrequently, the red blood 
cells and the serum formed a homogenous clot without ever showing any set- 
tling of the red blood cells. 

EFFECT OF HEPARIN ON THE PARASITEMIA WHEN GIVEN IMMEDIATELY 
AFTER THE INJECTION OF MALARIAL PARASITES 

Two groups of chicks were used. The injections of heparin were begun 
thirty to sixty minutes following the inoculation of the malarial parasites. 
They were discontinued after a period of 24 hours. The degree of parasitemia 
is given in Fig. 1. From these data it is evident that the number of parasites 
in the chicks • given heparin is always less than that in the control. These 
data when analyzed statistically show a significant variation from the normal 
in the heparinized groups. 



Fig-. 1.— Effect of heparin on the parasitemia when given Immediately after the injection 
of malarial parasites. In experiment A seven chicks were used in the experimental group and 
eight in the control. In experiment B eight chicks were used in each group. The heparin 
was given over a period of 20 hours In experiment B. 

EFFECT OF HEPARIN ON THE PARASITEMIA WHEN GIVEN 24 HOURS 
FOLLOWING THE INJECTION OF THE MALARIAL PARASITES 

In this experiment the parasites were given, and 24 hours later the in- 
jections of heparin were begun. They were continued for 20 hours. The 
degree of parasitemia is shown in Fig. 2. The number of parasites are less 
in the blood of the clucks given heparin than they are in the controls. 
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Fig. 2. — Effect of heparin on the parasitemia when given 24 hours following the injection 
of the malarial parasites. Ten chicks were used in the experimental group ond seven in me 
control. 



Fig. 3. — Effect of heparin on the parasitemia when given 48 hours following injection 
parasites. Fifteen chicks were used in the experimental group and ten m tne c 
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EFFECT OF HEPARIN ON THE PARASITEMIA WHEN GIVEN 48 HOURS 
FOLLOWING THE INJECTION OF THE MALARIAL PARASITES 
In this experiment the parasites were given intravenously, and 48 hours 
iater the injections of heparin were begun. They were continued for 20 hours. 
The parasite count in these chicks is shown in Fig. 3. From these data there 
does not appear to be any variation in the parasitemia in the normal and 
heparinized chicks. These data when analyzed statistically do not show any 
significant variation in the heparinized group. 



Fig. 4. — Effect of heparin on the parasitemia when given for 110 hours preceding the 
Injection of malarial parasites. In experiment A six chicks were usetl in each group. In 
experiment B seven chicks were used In the control group and six in the experimental- 

EFFECT OF HEPARIN ON THE PARASITEMIA WHEN GIVEN FOR 20 HOURS 
PRECEDING THE INJECTION or THE MALARIAL PARASITES 

In the preceding experiment where heparin was given immediately fol- 
lowing the injection of the malarial parasites the parasitemia was less than 
that in the control (Fig. 1). The results of that experiment suggest that the 
variation could he due to a direct effect of the heparin upon the chick. To 
study the effect of heparin on the parasitemia further, two groups of chicks 
were given heparin over a period of 20 hours. The parasites were inoculated 
10 hours after the last injection of the heparin. The degree of parasitemia 
in these chicks is shown in Fig. 4. From these data there is no variation in 
the degree of parasitemia in the two heparinized groups. 

EFFECT OF HEPAUIN ON THE AGGLUTINATION OF HUMAN RED 1II.OOD 
CELLS BY HETEROLOGOUS SERA 

The exact mechanism of the agglutination of human red blood cells by 
heterologous sera is not fully understood. And, too, the mechanism of the 
effect of heparin on the clotting of blood apparently is not fully known. Since 
both of these phenomena may occur in vivo and also he produced in vitro the 
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effect of heparin on the former is included in our attempt to learn something 
of the effect of heparin on phagocytosis. 

Serum, type 2 and 3, was titrated with heterologous red blood cells. The 
dilutions irnnged from 1 :10 to 1 :640. There was no variation in either the 
degree or the extent of agglutination in the group of titrations containing 
both the heparin and the saline. Observations were also made in which the 
serum and the cells were placed upon a slide in the manner of the routine 
typing of Wood. Heparin was added to the serum both before and after the 
addition of red blood cells. In no instance was the agglutination affected. 
Heparin was added to the agglutinated masses of red cells without producing 
any macroscopic change. 

One may conclude from the present concept of the effect of heparin on 
the clotting of blood that this anticoagulant would not be likely to affect the 
agglutination of red blood cells. In the above experimental observation it is 
show'll that heparin, in vitro, does not inhibit the agglutination of human red 
blood cells by heterologous sera. 

EFFECT OF HF.PARIN ON THE AGGLUTINATION OF TYPHOID BACILLI 

In the preceding experiment it was shown that heparin had no effect upon 
the agglutination of red blood cells. In this experiment the effect of heparin 
on the agglutination of the (II) antigen of typhoid was studied. The dilu- 
tions of the titrations varied between 1 -.10 and 1 :10,640. Heparin was sub- 
stituted for saline in one series of these titrations. In a second, a dilution of 
heparin and saline was used. Saline was used for the control. There was no 
variation in either the degree or the extent of the agglutination in these three 
sets of titrations. 

EFFECT OF HEPARIN ON CLOTS OF CHICKEN BLOOD - 

Blood was withdrawn from the heart of normal chicks and 1.0 e.c. was 
placed immediately in test tubes (7.5 x 1.0 cm.). This blood clotted within 
an interval of five minutes. One cubic centimeter of heparin was then added 
to the clotted blood. The clot was separated from the wall of the tube. There 
was no macroscopic variation after 24 hours in the consistency of the clots 
when heparin was added or in the controls. 

The above procedure was repeated using blood from chicks with a high 
malarial parasitemia. Heparin, likewise, did not. affect these blood clots. It 1S 
wall known that heparin does not affect a formed thrombus. The present 
results are consistent, therefore, with similar observations of other investiga- 
tors. Furthermore, they show that clotted blood, containing malarial parasites, 
is not affected by heparin. 

DISCUSSION 

The data in these experiments show that the parasite count is less ® 
chicks given heparin than it is in the controls when the heparin is given with® 
a period of 48 hours following the injection of plasmodia. Furthermore, 
data suggest that heparin does not affect the parasite count when it is tT® 11 
in a similar quantity either 24 hours preceding or 48 hours subsequent to ' 
injection of the parasites. 
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The probable error in this method of computing parasite density is very 
high. The time at. which the counts were made vary in the different groups. 
Because of these facts the significance of a statistical analysis is limited. It 
is interesting to note in these data that the number of malarial parasites in 
chicks given heparin is always less than it is in the controls. There is insuffi- 
cient evidence, however, at the present time, to determine, first, whether heparin 
stimulates phagocytosis ; second, whether it has an injurious effect either di- 
rectly upon the parasites, or in some other manner affects the body’s defense 
mechanism against the plasmodmm. It is suggested that heparin may affect 
directly P. loplmrnc since the greatest diminution in the parasite count occurs 
during the early phase of the infection. When the disease is present for 48 
hours and heparin is given there is not a demonstrable variation in the parasite 
count. 

Apparently there is nothing in the present study to indicate that the 
heparin inhibits the phagocytosis of malarial parasites. This observation may 
he significant in view of the conclusion made by Kinsely and his associates' 
from their study of P, knowlcsi infection in monkeys. They state that “s 
layer of fibrin or a fibrinlike substance is precipitated on knowlesi parasitized 
erythrocytes. Coated erythrocytes do not stick to ordinary endothelium but 
do stick to one another, forming “clumps” which stick to and are instantly 
engulfed by hepatic phagocytes. . . . Ordinary endothelium becomes sticky, too, 
and solidly coated with leucocytes. Hence leucopenia in drawn malarial blood. ” 
Rabinoviteh 5 has shown that heparin will prevent the formation of fibrinous 
thrombi in rabbits given dogs’ scrum while this anticoagulant does not affect 
the formation of agglutinated red cells which follow the injection of ox serum. 

In the pathological study of the tissue from the same monkeys used by 
Kinsely and his associates 6 Rigdon and Stratman-Thomas* were unable to 
demonstrate "clumps” in the circulatory system, and likewise, they did not 
observe that the vascular endothelium was “solidly coated with leucocytes." 
If these "clumps,” as observed by Kinsely, develop as a result of the para- 
sitized erythrocytes being coated with either fibrin or a fibrinlike substance, 
it is obvious that something has occnrred to this hypothecial substance that 
coats these erythrocytes because there were no clumps demonstrated in the 
sections. Quick 10 has said “the theory that agglutination and phagocytosis 
depends on a fibrin coating about the affected particles or cells must include 
a mechanism whereby this fibrin is removed.’ ’ 

Thrombi and embolic masses from intravascular thrombi are readily demon- 
strable in paraffin prepared histological sections of tissue. By exerting gentle 
pressure, on the lungs of rabbits that died following the injection of ox serum, 
Rahinoviteh 8 squeezed from the vessels numerous thrombi consisting of aggluti- 
nated red cells which were readily seen under the microscope. Only infre- 
quently have masses been observed in blood smears from both man and monkey 
ipfeeted with malaria. 11 ’ 12 Best, Cowan, and McLean 15 have discussed the 
mechanism of the formation of thrombi and they have shown that heparin 
inhibits their development. This anticoagulant has no effect upon a previously 
formed thrombus. Kinsely says that only parasitized erythrocytes coated with 
fibrin or a fibrinlike substance are phagocytosed. H so, it would appear likely 
that heparin may prevent the coating of these erythrocytes by fibrin and thus 
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effect of heparin on the former is included in our attempt to learn something 
of the effect of heparin on phagocytosis. ■ 

Serum, type 2 and 3, was titrated with heterologous red blood cells. The 
dilutions ranged from 1:10 to 1:640. There was no variation in either the 
degree or the extent of agglutination in the group of titrations containing 
both the heparin and the saline. Observations were also made in which the 
serum and the cells were placed upon a slide in the manner of the routine 
typing of blood. Heparin was added to the serum both before and after the 
addition of red blood cells. In no instance was the agglutination affected. 
Heparin was added to the agglutinated masses of red cells without producing 
any macroscopic change. 

One may conclude from the present concept of the effect of heparin on 
the clotting of blood that this anticoagulant would not be likely to affect the 
agglutination of red blood cells. In the above experimental observation it is 
shown that heparin, in vitro, does not inhibit the agglutination of human red 
blood cells by heterologous sera. 


EFFECT OF HEPARIN ON THE AGGLUTINATION OF TYPHOID BACILLI 

In the preceding experiment it was shown that heparin had no effect upon 
the agglutination of red blood cells. In this experiment the effect of heparin 
on the agglutination of the (II) antigen of typhoid was studied. The dila- 
tions of the titrations varied between 1 :10 and 1 :10,640. Heparin was sub- 
stituted for saline in one series of these titrations. In a second, a dilution of 
heparin and saline was used. Saline was used for the control. There was no 
variation in either the degree or the extent of the agglutination in these three 
sets of titrations. 


EFFECT OF HEPARIN ON CLOTS OF CHICKEN BLOOD '• 

Blood was withdrawn from the heart of normal chicks and 1.0 c.c. was 
placed immediately in test tubes (7.5 x 1.0 cm.). This blood clotted within 
an interval of five minutes. One cubic centimeter of heparin was then ad e 
to the clotted blood. The clot rvas separated from the wall of the tube. There 
was no macroscopic variation after 24 hours in the consistency of the c o 
when heparin was added or in the controls. 

The above procedure was repeated using blood from chicks, with a 
malarial parasitemia. Heparin, likewise, did not affect these blood clots. I* 
well known that heparin does not affect a formed thrombus. The piesen 
results are consistent, therefore, with similar observations of other invesjg* 1 
tors. Furthermore, they show that clotted blood, containing malarial paiasi es, 
is not affected by heparin. 


DISCUSSION 

The data in these experiments show that the parasite count is 
chicks given heparin than it is in the controls when the heparin is given « 
a period of 48 hours following the injection of plasmodia. Furthermore, ^ 
data suggest that heparin does not affect the parasite count when it 1S p 
in a similar quantity either 24 hours preceding or 48 hours subsequent o 
injection of the parasites. 
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The probable error in this method of computing: parasite density is very 
high. The time at which the counts were made van* in the different groups. 
Because of these facts the significance of a statistical analysis is limited. It 
is interesting to note in these data that the number of malarial parasites in 
chicks given heparin is always less than it is in the controls. There is insuffi- 
cient evidence, however, at the present time, to determine, first, whether heparin 
stimulates phagocytosis ; second, whether it has an injurious effect either di- 
rectly upon the parasites, or in some other manner affects the body’s defense 
mechanism against the plasmodium. It is suggested that heparin may affect 
directly P. lophurac since the greatest diminution in the parasite count occurs 
during the early phase of the infection. "When the disease is present for 48 
hours and heparin is given there is not a demonstrable variation in the parasite 
count. 

Apparently there is nothing in the present study to indicate that the 
heparin inhibits the phagocytosis of malarial parasites. This observation may 
be significant in view of the conclusion made by Kinselv and his associates 6 
from their study of P. k notch si infection in monkeys. They state that “a 
layer of fibrin or a fibrinlike substance is precipitated on knowlesi parasitized 
erythrocytes. Coated erythrocytes do not stick to ordinary* endothelium but 
do stick to one another, forming * 'clumps' * which stick to and are instantly 
engulfed by hepatic phagocytes. . . . Ordinary* endothelium becomes stick, y, too, 
and solidly coated with leucocytes. Hence leucopenia in drawn malarial blood.” 
J?abinoviteh s has shown that heparin will prevent the formation of fibrinous 
thrombi in rabbits given dogs’ serum while this anticoagulant does not affect 
the formation of agglutinated red cells which follow the injection of ox serum. 

In the pathological study of the tissue from the same monkeys used by 
Kinselv and his associates 6 Rigdon and Stratman-Thomas 9 were unable to 
demonstrate “clumps” in the circulatory system, and likewise, they did not 
observe that the vascular endothelium was “solidly coated with leucocytes.'’ 
If these “clumps,” as observed by Kinselv, develop as a result of the para- 
sitized erythrocytes being coated with either fibrin or a fibrinlike substance, 
it is obvious that something has occurred to this hvpothecial substance that 
coats these erythrocytes because there were no clumps demonstrated in the 
sections. Quick 10 has said “the theory that agglutination and phagocytosis 
depends on a fibrin coatimy about the affected particles or cells must include 
a. mechanism whereby this fibrin is removed.” 

Tlirombi and embolic masses from intravascular thrombi are readily demon- 
strable in paraffin prepared histological sections of tissue. By exerting gentle 
pressure on the lungs of rabbits that died following the injection of ox serum, 
Rabinoviteh® squeezed from the vessels numerous tlirombi consisting of aggluti- 
nated red cells which were readily seen under the microscope. Only infre- 
quently have masses been observed in blood smears from both man and monkey 
infected with malaria. 11 * 1 * Best, Cowan, and McLean 1 * have discussed the 
mechanism of the formation of thrombi and they have shown that heparin 
inhibits their development. This anticoagulant has no effect upon a previously 
formed thrombus. Kinselv says that only parasitized erythrocytes coated with 
fibrin or a fibrinlike substance are phagocytosed- If so, it would appear likely 
that heparin may prevent the coating of these erythrocytes by fibrin and thus 
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prevent them from being phagocytosed. The parasite count in chicks given 
heparin would be increased, therefore, over that of the controls. The data 
in these experiments do not indicate any inhibition in the degree of phagocytosis 
in the heparinized chicks. 

It has been shown in previous experiments that heparin, when given intra- 
venously to rabbits has no effect on the localization of either polymorphonuclear 
leucocytes or trypan blue in areas of injury. 1 Furthermore, this anticoagulant 
does not affect the development of an acute inflammatory reaction in the skin 
of the rabbit. Heparin, likewise, does not inhibit the phagocytosis of particles 
of India ink by the cells of the reticulo-endothelial system. 2 To these obser- 
vations now may be added the observation that heparin has no effect on either 
the agglutination of human red blood cells by heterologous serum or the aggluti- 
nation of typhoid bacilli by immune sera. Heparin also has no fibrinoloytic 
effect on clots of normal and parasitized chicken blood. 

There apparently is no evidence from the study of the pathologic lesions 
occurring in the monkeys infected with P. knoivlesi, and too, from the study 
of the effects of heparin on the parasitemia in chicks to support the opinion 
that fibrin or a fibrinlike substance coats parasitized erythrocytes to produce 
clumping and to inhibit phagocytosis. Immunologic reactions characterized 
by agglutination are well known in which fibrin does not occur. Holmes’* 
has recently reviewed this problem and discussed the phenomena, of agglutina- 
tion and precipitation in relation to surface tension. 

Robert Fahraeus 15 in 1929 reported in man the presence of intravascular 
aggregation of erythrocytes identical to those described by Kinsely and asso- 
ciates. 0 In this paper Fahraeus reviewed the phenomena of rouleau forma- 
tion, intravascular aggregation of erythrocytes as observed in disease and the 
mechanism of the cellular changes as observed in both the normal and in cer- 
tain pathological conditions. 

Many of the normal chicks died during the period in which heparin was 
injected. Hemorrhages were present in the tissues inoculated and also in the 
serous cavities. Clucks infected with malaria and given heparin also died 
during the time of the experiment. They showed hemorrhages similar to those 
in the control group. This bleeding into the serous cavities of the chick is 
interesting in view of previous observations upon capillary permeability m 
rabbits given heparin. 1 In studies in the rabbit it was believed that “heparin 
has no effect on capillary permeability.” It is now obvious from our present 
observations in the chick that both the type of animal and the quantity o 
heparin must be considered in studying the effect of heparin on capillary 
permeability. It would appear from the results of many experimental obser- 
vations that capillary permeability may be affected by heparin. The use o 
heparin in clinical cases of acute malaria is contraindicated since hemorrhages 
do occur in the viscera in this disease. 16 The presence of this anticoagu an 
may facilitate the escape of red blood cells through the capillary walls an 
thereby produce larger hemorrhages in the parenchymatous tissues. 

CONCLUSION 

v There is no evidence from this study to support the opinion that hepan 
inhibits the process of phagocytosis of malarial parasites. The parasitemia 
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less in chicks given heparin immediately following the injection of the para- 
sites than it is in the controls. 

Heparin apparently has no effect upon either the agglutination of human 
red blood cells by heterologous serum or the agglutination of typhoid bacilli 
by immune sera. 

Heparin has no effect apparently, on previously formed clots of normal 
and parasitized chicken blood. 

The role of heparin in other of the fundamental biological processes is 
briefly referred to. 
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EFFECT OF GONADS AND ADRENALS ON THE ABSORPTION OF 
SUBCUTANEOUS SESAME OIL ' . 


Charles E. Tobin, Ph.D., Rochester, N. Y. . . 


M ANY plant oils, used as solvents for hormones, are considered to be with- 
out effect on the injected subject. Evidence is being accumulated, how- 
ever, to show that such oils are not bland when injected into certain animals. 
The oil used may either have various effects on the animal, or hormones, imay 
influence absorption of the oil. 1 ' 13 . ~ r * ■ ' . . - 

methods • 

To test the effect of hormones from the animal ’s 'Own. gonads and adrenals 
on the rate of absorption of subcutaneous sesame oil, ‘the following experiments 
were performed on adult albino rats in groups of ten animals each. The rats 
were kept in a thermostatically controlled room and given tap -water and a 
commercial diet (Wayne Dog Blox) ad libitum. One cubic centimeter of sesame 
oil’ was injected subcutaneously, as 0.5 e.c. doses, at two sites over the left .flank 
into normal, adrenalectomized, or adrenalectomized-gonadectomized rats (at the 
time of operation), and gonadectomized animals (2 weeks after operation). 
All animals were killed fourteen days after injection, except the pregnant ones, 
which were operated upon and injected on the tenth day of pregnancy, anti 
killed twenty-one days after delivery. 

The procedure, for recovering the oil was similar to that reported by 
Turner and-Mulliken. 2 * 3 The initial/ weight of 1 c.c. of sesame oil was 915+ 4.5 
mg.® Bruc'e and Tobin 4 ..have reported the composition and other properties of 
this oil from a similar source. r A- comparable area. of skin and subcutaneous 
tissue 'taken from the’ ifight. flank of, each,, animal was extracted similarly 1° 
indicate the amount of etheitsoluble matter,. other than injected oil, present in the 
recovered oil. Corrections are made in the data for the weight of this matter. 


RESULTS 

The amount of oil absorbed by normal animals is proportional to the length 
of time the oil remained in the animals: a group of normal males killed 30 
minutes, and another group killed 24 hours after injection, absorbed 299 + 58 
mg. and 414 ± 99 mg. of oil, respectively. Increasing amounts of oil were ab- 
sorbed with longer experimental periods: males killed 12 days after injection 
absorbed 473 ± 187 mg. of oil. Both control and experimental animals " C1 ® 
studied, for similar periods, in order to control the time element on the rate o 
absorption of the subcutaneous sesame oil. 

The significance of the differences in the amount of oil absorbed by the 
various groups was tested by Fisher’s “t” method. Only those differences 

From the Department of Anatomy, The University of Rochester School of Medicine 
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•The accuracy of the recovery method employed is indicated by the weight ° _ 0 ii, 

through the above procedure which varied only by ±9.2 mg. from the initial weigni ui 
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wliosc “t” values were 2.10 (P = 0.05) or greater were considered significant 
* md ai'6 'discussed below. The amount of oil absorbed by the normal and 
operated animals is shown in Table I. 

Effect of Gonads . — Normal females absorbed the-. greatest quantity of oil, 
the cahtrate miles and normal males were next in descending order, whereas 
spayed females absorbed the smallest amount of oil in this normal or gonadec- 
tomizcu group. Significant differences were found in the amounts of oil ab- 
sorbed by the spayed females compared to normal females (“t” value 2.9), 


. Table I 

Absorption or Sesame Oil From tiif. Subcutaneous Tissue op Hats 
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•Killed 14 days after injection. 

1 'Killed 31 days after injection. 

tBased on Initial weight of 1-c.c. oil. 915 ± 4.5 mg., Injected. 


• castrate -males (2.4), or normal males (2.5). However, no significant differ- 
ences .were found between the amount absorbed by normal females or by castrate 
or normal males. There was likewise no significant difference in the oil absorbed 
by castrate and normal males. The sesame oil injection bad no effect on the 
reproductive physiology of the normal rats, and influenced in no way the 
atrophy of the accessory reproductive organs resulting from gonadectomy. 

■Effect of Adrenals .— Although bilateral adrenalectomy appeared to decrease 

• tbs amount of oil absorbed by, rats,, this difference was not significant. There 
was a significant difference only when the amounts absorbed by adrenalectomized 

...males were compared with those absorbed by spayed females (2.4) . 

Effect of Gomds and Adrenals— ’Removal of both the gonads and the 
adrenals from rats reduced the amount of oil absorbed by such animals. This 
■ is' shown by’ the differences in absorption of oil by adrcnalectomized-castrate 
males an'd adrenalectomized-spayed females, respectively, compared with that 
of normal females (3.0 and 3.8), castrate males (2.5 and 3.3), normal males 
(2.6 and 3.4), and adrenalectomized males (2.5 and 3.4). The adrcnalectomized- 
castrate males absorbed 31 per cent while the adrenalectomized-spayed females 
absorbed 25 per cent, indicating that the ovaries may influence slightly the 
utilization of sesame oil in adrenalectomized animals. However this latter dif- 
ference was not significant. 

Effect of Normal Pregnancy and Adrenalectomy During Pregnancy . — 
Since these experiments were of longer duration than the preceding ones (31 
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days), the amounts of oil absorbed cannot be compared directly with those 
from the nonp regnant groups. However, as compared with virgin females 
studied for a similar period, which absorbed 72 per cent of the oil, the adrenalec- 
tomized-pregnant females absorbed 63 per cent, and the normal-pregnant fe- 
males utilized relatively less, 51 per cent. Only 50 per cent of the adrenalec- 
tomized-pregnant animals delivered; three of these lactated sufficiently to 
maintain 63 per cent of their litters until the twenty-first day. A significant 
difference was found between the amounts of oil absorbed by the virgin females 
and pregnant normal females (2.8) ; but no significant difference was found 
when the data from the pregnant adrenaleetomized females were compared with 
that from the virgin females or normal pregnant rats. 

CONCLUSIONS 

The rate of absorption of sesame oil from rats is reduced by removal of 
the ovaries, removal of the adrenals in addition to the gonads, and by preg- 
nancy. The sesame oil was injected subcutaneously in 1 c.c. amounts and 
recovered later as an ether-soluble extract of the injection sites. 
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CLINICAL CHEMISTRY 


THE EFFECT OF BILE ACIDS ON THE BILIARY EXCRETION OF 
NEOARSPIIEN AMINE AND MAPHARSEN 


J. H. Annegers, M.S., F E. Snapr, M.S., A. C. Ivy, M.D., and 
A. J. Atkinson, 11 D., Chicago, Ilu 


I T HAS been reported that the administration of sodium deliydrocholate 
ameliorates the jaundice and anorexia of arsenical hepatitis even when the 
arsenical injections arc continued . 1 It has also been reported that in rabbits 
when neoarsphcnaminc was injected with sodium dehydrocholate, less arsenic 
was recovered from the liver than when the drug was injected alone . 1 ' 2 It 
is well established that arsenic is excreted in the bile following injection of 
arsphenamines, but the rate of excretion has not been studied in permanent 
bile-fistula animals. 

In view of the extensive use of neoarsphcnaminc and mapharsen and the 
occasional occurrence of a clinically evident hepatitis when they are used, it 
was considered worth while to investigate (a) the rationale of the claim that 
the administration of dehvdrocholie acid has a favorable effect in arsenical 
therapy and (b) the effect of bile acids on the excretion of arsenic. 

Dehydrocholic acid (oxidized cholic acid) may act to prevent the occurrence 
of an arsenical hepatitis in several ways, (a) The bile acid causes a hydrocholere- 
sis 3 which may augment the excretion of arsenic in the bile and decrease the ex- 
posure of the liver to arsenic, (b) Dehydrocholic acid increases the hepatic 
arterial blood flow* which may, through the consequent increased oxygen supply, 
protect the liver by increasing its metabolism and its ability to detoxify harm- 
ful substances, (c) The bile acid may combine with the arsenical in such a 
way as to render it less hepatotoxic. (d) Since bile salts injected intra- 
venously increase the permeability of the capillaries to certain compounds , 3 
the simultaneous injection of dehydrocholic acid and the arsenical may cause 
more of the latter to pass into the general tissues than otherwise, and thus 
decrease the exposure of the liver to the arsenical. This would expose other 
tissues to more of the arsenical, which may or may not be a desirable action 
depending upon whether the toxic effect on other tissues or the treponemicidal 
action of the drug was more markedly increased. 

This investigation has hem confined to the study of the effect of two types 
of bile acids on the excretion of arsenic in the bile. 

From the Department of Physiology. Northwestern University Medical School. Chicago. 
Received for publication, January 31, 1011. 
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GENERAL METHODS 

Two types of bile acids were used. One was conjugated, unoxidized bile 
acids represented by sodium glycocholate and taurocholate (Bilron, Lilly). 
The other was an unconjugated, oxidized bile acid represented by sodium 
dehydroeliolate (Decholin, Riedel de Haen, and Ketoehol, Searle). The former 
preparation, which we shall hereafter refer to as “ox-bile” acid, because it was 
made from cattle bile, causes a moderate choleresis but does not increase the 
hepatic arterial blood flow. The latter preparation or sodium dehydroeliolate 
causes a hydrocholeresis and increases the hepatic arterial blood floiv. 

Biliary fistula dogs with a duodenal fistula for the return of bile into the 
intestine were used 0 for the experiments extending over a -week or more. Acute 
bile fistula dogs under nembutal anesthesia were used for the tests lasting only 
three or four hours. 

The bile wrns analyzed for arsenic by the method of Cassil and .AVichman.’ 
This method was reported by them to be accurate for amounts of arsenic vary- 
ing from 5 to 500 micrograms in the sample analyzed. AVe obtained the best 
duplicate checks when the sample contained less than 300 micrograms. 

The neoarsphenamine injections consisted of one dose of 300 mg. which 
contained 60 mg. of arsenic. The mapliarsen injections consisted of one dose 
of 60 mg. which contained approximately 17.4 mg. of arsenic. These doses 
range from 2 to 4 times the single w T eeldy human therapeutic dose on the basis 
of body weight. However, when mapliarsen is used in the intensive treatment 
of syphilis, from 1.0 to 1.2 Gm. is given in a five-day period. 8 ’ 9 This dose 
averages 240 mg. daily", and amounts to four times the dose used in this study. 

The dogs invariably vomited upon receiving mapliarsen. For this reason 
the drug was always given at least ten hours after a meal. This wrns done 
because the amount of cholic acid formed depends on the protein absorbed 
and metabolized, and in order to maintain the animals under controlled condi- 
tions, food intake must be constant. 

Arsenical injections were not repeated in the same animal more often than 
once a week, and the sequence of the tests v T as rotated so that the animals did 
not all receive the drugs and the drugs plus bile acids in the same order. 
The volume output of bile was recorded during the tests, but is not include 
in the data. The average volume output is not changed significantly by the 
arsenical injections. 10 

RESULTS 


Neoarsphenamine 

The rate of disappearance of arsenic from the bile after a- single intravenous^ 
injection of neoarsphenamine: In this series of tests the animals were fed 1 10 
standard diet every twelve horn’s; bile was not returned to the intestine, nor 
were bile acids given orally. Three hundred milligrams of neoarsphenamine 
were injected and the twenty-four-hour bile output wrns analyzed for arsenic- 
The results are shown in Table I. Most of the arsenic w r as excreted .dui 
ing the first twenty-four hours after the injection and relatively small amoU ^ 
were excreted after seventy-two hours. Traces of arsenic v'ere present in 1 
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Table I 

Showing the Daily Biliary Excretion op Arsenic Following Injection of HOD mg, 
Neoarsphenaminc Containing (U) mg. Arsenic. No Bile or Bile Acids Were Given* 



•These tests show that most of the at sente excretion occurs In "2 hours after giving the 
drug. In subsequent tables arsenic excretion is gnon for 24- and 72-hour periods following 
the dose of neoarsphcnatnlne. 


bile seven days after the injection. Prom 27 to 32 per cent of the injected avsenic 
was recovered in the bile in twenty-four hours, and from 31 to 63 per cent 
of the injection was excreted in the liile in seven days. 

The effect of “ox-bile" acids and dchydrocholic acid on the excretion of 
arsenic after a single injection of ncoarspltcnaminc : In this series of tests a 
group of bile fistula dogs were fed the standard diet every twelve hours until 
the volume and cholie acid output were constant. Three hundred milligrams 
of neoarsphenaminc were injected intravenously. The bile was collected every 
twenty-four hours for three days and analyzed for arsenic. A seventy-two-honr 
period was chosen because the bile was relatively free of arsenic after that 
time. 

Twelve dogs (Table II) excreted an average of 24 mg. of arsenic in seventy- 
two hours, or 40 per cent of the amount injected. This was the eontrol series. 
"When 1.5 Gm. of “ox-bile” acid was fed every twelve hours for three days 
before and after giving neoarsphenaminc, an average of 26.0 mg., or 44 per 
cent of the arsenic was recovered in the bile. IVhen 1.5 Gm. of dehydrocholic 


Table II 

Showing Effect of “Ox-Bile Acres” and of Dehvdbociiouc Acid on Excretion of 
Arsenic in Bile fof. a Period of 72 iwor-s After Intravenous Injection of 
300 mo. Neoarsfiienasiine Containing GO mo. Arsenic 
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acid was similarly fed, an average of 20.5 mg., or 34 per cent of the dose, was 
eliminated in the bile in seventy-two hours. 

Thus, the administration of “ox-bile” apparently increased the excretion 
of arsenic by an average of 15 per cent as compared with the control series, and 
the feeding of dehydrocholic acid decreased arsenic excretion by an average 
of 16 per cent. A statistical analysis of the data, however, revealed that the 
average increase of 15 per cent and the average decrease of 16 per cent as 
compared with the control were not significant. Nevertheless, the difference 
between the arsenic excretion when “ox-bile” was fed and when dehydrocholic 
acid was fed was sufficiently statistically significant to indicate that it was 
probably not due to chance variation. This difference suggests only that de- 
hydrocholic acid tends to retard the biliary excretion of arsenic as compared 
to the excretion when “ox-bile” acids are given. 

Comment. — Sodium dehydroeholate and “ox-bile” acids increase biliary 
volume output on the average by 100 per cent and 35 per cent, 3 respectively. 
Since, when neoarsphenamine was given, significantly more arsenic was not 
excreted in the bile when bile acid was given than when none was given, 
choleresis, per se, does not augment the biliary excretion of arsenic administered 
in the form of neoarsphenamine. 

The differences in the excretion of arsenic in the control series and the 
series given “ox-bile” acids and dehydrocholic acid cannot be attributed to 
previous arsenic administration. In one-third of the animals the control tests 
were performed last; in one-third the “ox-bile” acid was given last, and in 
one-third the dehydrocholic acid was given last. Further, at least one week 
elapsed between arsenical injections which is sufficient time to clear the bile of 
measureable amounts of arsenic. 


To make certain that the presence of choleresis was not associated with a 
greater excretion of arsenic during the first 24 hours, the biliary arsenic for 
the first twenty-four hours of the tests was tabulated. The data shown in 
Table III show that arsenic excretion in the bile was not increased the first 
twenty-four horn’s in the series given either bile acid preparation. 


The effect of infecting neoarsphenamine with sodium dehydroeholate on 
the excretion of arsenic in the bile: Appel and Jankelson 2 found that when 
a mixture of sodium dehydroeholate and neoarsphenamine was injected into 
rabbits, less arsenic was found in the liver after two to twenty-four hour’s than 
when neoarsphenamine was given alone. This observation was interpreted as 
indicating that the dehydroeholate caused more arsenic to be excreted in the 
bile. Oiu* results on the dog do not support such a conclusion. It is possible, 
however, that different results might be obtained -when the bile salt is mixed 
with the neoarsphenamine in the same syringe rather than giving the dehydro- 
cholate orally’. The following experiments were performed to examine this 
possibility. 

Chronic or permanent biliary fistula dogs were so prepared that their col- 
lecting tube system contained about 5 c.c. of bile. Such animals cannot be use 
satisfactorily for tests lasting only’ an hour or so during which the output o 
bile may be less than 5 c.c. Therefore, “acute” or temporary’ bile fistu a 
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Table III 

Showing the Effect of "Ox-Bile Acids" and of Deiiydkociiolic Acid on Excretion of 
Arsenic in Bile for a Period op 24 Hours After Intravenous Injection of 
300 mo. Neoarsphenamine Containing GO mo. Arsenic 



animals wore prepared under nembutal anesthesia with the cystic duet eiamped 
and a short collecting tube placed in the common bile duct. 

The control series of dogs received 300 nig. of neoarsphcnnminc alone intra- 
venously. A second series were given an injection of mixture of 300 mg. 
neoarsphenamine and 5 c.c. of 20 per cent sodium dehydrocholate. To this 
series additional injections of 0 c.e. of sodium dehydrocholate were given hourly. 
A third series of dogs received a single injection of dehydrocholate to induce 
a brisk cholcresis, and ten minutes later were given 300 mg. of neoarsphenamine. 

Table IV 


Showing the Effect of Intravenous Sodium Dehydrocholate on the Biliary Excretion 
of Arsenic During Three Hours After an Injection of 300 mo. of 
Neoarshienamine Containing go mo. of Arsenic* 
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The results are shown in Table IV. The eholeresis produced by dehydro- 
cholic acid did not increase the excretion of arsenic. This confirms the fore- 
going results from chronic biliary fistula dogs. The simultaneous injection of 
sodium dehydrocholaic and neoarsphenamine resulted in a marked decrease in 
the biliary excretion of arsenic. These results indicate that the decreased reten- 
tion of arsenic in the liver of rabbits when dehydroeholic acid was administered 
with neoarsphenamine observed by Appel and Jankelson was probably not 
due to increased excretion of arsenic in the bile. More likely, increased amounts 
of the arsenical passed into other tissues and this decreased the quantity 
of arsenic entering the liver. 


Mapharsen 

The effect of dehydroeholic acid on the excretion of arsenic in the bile after 
an intravenous injection of mapharsen: Table V presents the data from eight- 
een tests on ten dogs which were performed similarly to the experiments with 
neoarsphenamine. Sixty milligrams of mapharsen, containing 17.4 mg. of 
arsenic, were given to one series of dogs without feeding bile acids. To another 
series, 1.5 Gm. dehydroeholic acid was fed every 12 hours for 3 days before 
and after injecting the arsenical. Since it was found in confirmation of the 
work of Eagle and Hogan 19 on rabbits that the excretion of arsenic in the 
bile after the administration of mapharsen was practically complete in forty- 
eight hours, Table V shows the biliary arsenic for this two-day period. 

Table V 

Showing Excretion of Mapharsen in Bile for a Period of 4S Hours Following Injection 
of 00 mg. of the Drug Containing 17.4 mg. Arsenic. Eight Tests Show the Results 
When No Bile Acids Were Given. Ten Tests Show Effect of Dehydrocholic 
Acid, 1.5 gm. Every 12 Hours on Excretion of Arsenic 


DOG 

NO BILE ACID 

DOG 


MG. ARSENIC 
IN 48 HOURS 

PER CENT 
OF DOSE 

% CHANGE 

MG. ARSENIC 
IN 48 HOURS 

PER CENT 
OF DOSE 

% CHANGE 

F3 


45.4 


G5 


41 


F8 

S.92 

51.2 



4.92 

2S 


G1 

9.32 

53.5 


G6 


60 


G1 

9.74 



GO 

9.16 

53 


G2 

6.87 

39.5 


GS 

6.21 

36 


G3 


57.5 


GS 


34 


G5 

5.47 

31.4 


G9 

4.94 

28 


GO 

5.84 

33.0 


G9 

5.72 

33 






G10 

5.07 

29 






G10 

5.2.6 

30 



Ave. 

S.02 

46.0 

- 


6.47 

37.2 

-19 


The results in Table V show that the administration of dehydrocholic aC * 
was not associated with an increase in arsenic excretion, though the bile aci( 
had a marked choleretic action. In fact, the excretion of arsenic was 
per cent less on the average than that observed in the control series when no 
dehydrocholic acid was given. Although this difference is not statistica ) 
significant, the tendency for dehydrocholic acid to decrease excretion of map' 
arsen-arsenic is similar to that observed for neoarsphenamine-arsenic. 

It is worthy of noting that the percentage recovery of mapharsen-arsen'C 
at forty-eight hours (Table V) is approximately the same as that of " e0 ' 
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arsphenamine-arsenic at seventy-two hours (Table II). This shows that maph- 
arsen-arsenic is more rapidly excreted in the bile than neoarsphenamine-arsenic. 

The total excretion of neoars phenamine arsenic: Several reports indicate 
that arsenic is excreted in the feces and to a lesser extent in the urine. 11 ' 13 

In one biliary fistula dog the amount of arsenic excreted in the bile and 
in the urine was determined after injecting 300 mg. of neoarsphenamine. 
In this experiment 65 per cent of the arsenic was recovered in the bile and 30 
per cent in the urine after seventy- two hours. 

Is the arsenic excreted in the bile reabsorbed in the intestine? Though 
it is known that organic arsenicals are poorly absorbed from the intestine, the 
form in which arsplienamines appear in the bile has not been determined. 
The bile from two dogs was collected for 24 hours following injections of 300 
mg. neoarsphenamine. This bile contained 25 and 30 mg. of arsenic, respec- 
tively, and was returned to the duodenum of two other bile fistula dogs which 
had never before received arsenic. No arsenic was recovered from the bile of 
the second pair of dogs. Thus the biliary arsenic after injecting neoarsphena- 
mine was not absorbed from the intestine. 

Does arsenic accumulate in the bile after repeated weekly infections of 
neoarsphenamine or mapharsen? When 300 mg. of neoarsphenamine or 60 
mg. of mapharsen was injected weekly for 5 to 8 weeks, the bile was repeatedly 
free of arsenic after seven days and no evidence of delayed excretion of 
accumulation of arsenic in the bile was observed. 

discussion 

The excretion of arsenicals by the liver of the dog: The results of this 
study confirm by a more direct method the conclusion of other investigators 14 * 17 
that the liver is the predominant organ concerned in the excretion of arsenicals, 
and that the excreted arsenic does not undergo an enterohepatic circulation or 
absorption from the intestine. Within two or three days after injection, from 
30 to 60 per cent, or an average of about 40 per cent, of the arsenic administered 
as neoarsphenamine or mapharsen in well-tolerated doses is excreted in the 
bile. It appears that mapharscn-arsenic is more rapidly excreted than neo- 
arsphenamine arsenic. This may not be true, since 60 mg. of arsenic was given 
as neoarsphenamine while 17.4 mg. of arsenic was available for excretion after 
injecting mapharsen. It is of interest to observe that mapharsen may be more 
readily excreted, since it has been suggested that neoarsphenamine is converted 
to arsenoxide, or mapharsen, before it becomes actively treponemicidal in the 
body. 

The process concerned in the excretion of mapharsen and neoarsphenamine 
is not one of simple diffusion. This is shown by the relatively slow excretion and 
by the failure of a choleresis to increase significantly the rate of arsenic excre- 
tion. These arsenical compounds, which are predominately removed from the 
blood by the liver, cannot be flushed out of the liver by producing a choleresis 
with bile acids. 

It is evident that an increase in hepatic arterial blood flow does not facilitate 
the excretion of arsenicals. Sodium deliydrocholatc, given intravenously or by 
mouth, increases hepatic arterial flow but docs not increase the excretion of the 
arsenicals. 
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Do bile acids differ in their effect on the excretion of arsenical drugs t It 
lias been clearly demonstrated that the liver handles conjugated unoxidized 
(glycoeholic and taurocholic acids — Bilron, Lilly) and oxidized unconjugated 
(dehydroeholie acid — Ketochol and Decholin) bile acids differently. 3 When 
“ox-bile” acids are fed at least 90 per cent of them can be recovered in the 
bile as cholic acid. When dehydroeholie acid is fed or injected, only about 30 
per cent can be recovered in the bile; the fate of the remainder is unknown. 
Probably, the oxidized bile acid is chemically changed and some of it may reach 
the peripheral circulation. 

Our data show that glycoeholic and taurocholic acids tend to increase and 
dehydroeholie acid tends to decrease the excretion of arsphenaminc-arsenic 
in the bile. 

One cannot conclude from the evidence in this paper that one type of bile 
acid would be more beneficial in protecting the liver from arsenical hepatitis 
than the other type of bile acid. The apparent decreased elimination of arsenic 
in the bile when dehydroeholie acid is given may not be due to retention of 
arsenic in the liver. On the contrary, the bile acid may pass into the peripheral 
circulation and increase capillary permeability to the arsenical and increase the 
amount of the arsenical in the general systemic tissues. If this is true, dehydro- 
cholic acid would decrease the exposure of the liver to arsenic. 

The results of giving dehydroeholie acid intravenously mixed with neo- 
arsphenamine support the possibility that the bile acid allows the arsenical to 
pass more readily from the blood stream into tissues other than the liver only. 
Arsenic excretion in the bile was markedly decreased when the bile acid and 
neoarsphenamine were mixed and injected. When dehydroeholie acid was in- 
jected ten minutes prior to the arsenical injection, arsenic excretion was not 
decreased. Thus, when dehydroeholie acid is present in the circulation, simul- 
taneously with neoarsphenamine, apparently less of the arsenical reaches the 
liver. Dehydroeholie acid is largely removed from the circulation in ten minutes 
after a single injection, and acts primarily upon the liver producing a 
choleresis, its effect on capillary permeability. being transitory. This explanation 
is supported by the observations of Berman, Snapp .and Ivy 3 on the effect of 
intravenously administered bile salts on the elimination of intravenously in- 
jected bilirubin. Bile salts injected with bilirubin decreased the amount of 
bilirubin excreted in the bile and increased the amount which entered the 
tissues, to such an extent that visible icterus occurred. 

The effect of mixing sodium dehydrocholate with mapharsen on the excre- 
tion of arsenic in the bile was not studied because when the two are mixed a 
precipitate forms. 

The “natural bile salts,” sodium glyco- and taurocholate, were not used 
for intravenous injection in this study because they are more toxic 18 when given 
parenterally than sodium dehydrocholate. 

Is it rational to give bile acids in an attempt to avoid arsenical hepatitis. 
If the observations on rabbits and on dogs hold true for man, the decrease 
amount of arsenic found in the liver and the amelioration of the toxic reactions 
observed by Appel and Jankelson 1 ’ 2 when neoarsphenamine was administere 
with sodium dehydrocholate, is not due to greater excretion of the arsenical m 
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the bile. It is more likely due either to a greater dilution of the arsenical in 
the general body tissues, sparing the liver somewhat, or to a combination of the 
dehydrocholate with the arsenical so it becomes less toxic. The question will 
have to be answered by direct experiments in which the toxicity of the arsenical 
is compared when injected with and without dehydrocholic acid. 

The accumulation of arse7iic in the body in intensive syphilotherapy. It 
has been shown that nearly complete excretion of arsenic from a single injec- 
tion of 60 mg. of mapharsen occurs within forty-eight hours in biliary fistula 
dogs, while neoarsphenamine-arsenic is largely excreted in seventy-two hours. 
In the five-day treatment of syphilis when the massive arsenotherapy method 
is used, mapharsen is given to the extent of 240 mg. in 24 hours for five days. 8 ' 9 
Thus, an injection of 60 mg is repeated approximately every six hours. If 
arsenic is excreted in the human being as in the dog, considerable accumula- 
tion of arsenic will occur in five days, most of which would he in the liver. 

According to observations made in this laboratory, the L. D. 60 of maphar- 
sen or the dose required to kill 60 per cent of the animals is the same for dogs 
as for rabbits, namely, 13 mg. per kilo. In the rabbit, the results of Eagle and 
Hogan 19 indicate that a sublcthal dose of mapharsen may be injected weekly 
without accumulative effect. Our results on the dog confirm their observation on 
the rabbit. 

SUMMARY AND CONCLUSIONS 

1. The excretion of neoarsphenamine and mapharscn-arsenic in the bile of 
dogs with a permanent bile fistula has been studied under standard conditions 
with and without the oral administration of a mixture of sodium glycocholate 
and taurocholatc (ox-bile salts) and sodium dehydrocholate. The dose of neo- 
arsphenamine was 300 mg. or 60 mg. of arsenic, and the dose of mapharsen was 
60 mg., or 17.4 mg. of arsenic. The dose of arsenic was not given oftencr than 
once a week and the animals weighed from 8 to 12, or an average of 10 kilo- 
grams. 

2. In the case of neoarsphenamine, an average of 40 per cent of the arsenic 
administered was recovered in the bile in seventy-two hours. In the case of 
mapharsen, an average of 40 per cent of the arsenic administered was recovered 
in the bile in forty-eight hours. In both cases most of the arsenic is excreted 
in the bile during the first twenty-four-hour period and only traces are present 
in the bile after forty-eight to seventy-two hours. The results indicated that 
neoarsphenamine-arsenic is excreted more slowly by the liver than mapliarsen- 
arsenic. It was shown that the arsenic excreted in the bile is not absorbed from 
the intestine. 

3. If neoarsphenamine or mapharsen-arsenic is excreted by the human 
liver as by the canine liver, it is reasonable to assume that an appreciable ac- 
cumulation of arsenic occurs in the liver when, for example, 240 mg. of maphar- 
sen is administered daily for five days. However, in confirmation of Eagle 
and Hogan 19 and Magnuson and Raulston 14 who used rabbits, a sublcthal dose 
may be given weekly without accumulation of arsenic in the liver. 

4. The production of a choleresis per se in the dog does not augment the 
rate of excretion of neoarsphenamine or mapharsen-arsenic in the bile, because 
the oral administration of sodium dehydrocholate, -which causes a brisk choleresis, 
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tends to decrease the elimination of the arsenic, and sodium glvcocholate and 
taiiroeliolate, which cause only a moderate choleresis, tends to increase the 
elimination of the arsenic in the bile. . ,, 

5. The simultaneous intravenous administration of sodium dehydrocholate 

with neoarsphengmine decreases the rate of excretion of the arsenic in the bile, 
though a choleresis occurs.,; This result is probably due to the. increased passage 
of the arsenical into the general body tissues secondary to the effect of the-bile 
salts on capillary permeability. If the administration of dehydrpcholic acid; 
diminishes the hepatotoxic action of neoa.rsphenamine and mapharsen, 1 ’ 3 it does 
not do so by increasing their excretion in the bile. „i 

6. The, results of this investigation do not provide a clear and substantial 

rationale for the' administration of bile a.Q.ids with arsenicals. , .. 
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LABORATORY METHODS 


QENERAL 


APPLICATION OP THE “INDUCTOGRAPH” TO THE REGISTRATION 
OP MOVEMENTS, PARTICULARLY OP BODY STRUCTURES 
SUCH AS THE PYLORIC SPHINCTER 


D. A. BnoDy, M.D., and J. P. Quigley, Ph.D., Cleveland, Ohio 


T HE fact that an inductorium produces, respectively, more or less current 
as the secondary coil approaches or recedes from the primary coil has been 
extensively employed in biology (chiefly for the production of induced current 
to stimulate tissue). The same principle can be adapted to produce an “in- 
duction diagrapli” or “inductograph” to be employed in the registration of 
changing positions of body structures, e.g., the movements of the heart or blood 
vessels, the various portions of the digestive tube, the Madder, ureters, uterus, 
skeletal muscles, etc. For such studies two suitable electromagnetic coils (a 
primary and a secondary coil) arc fastened at opposite sides of the tissue whose 
movement is being studied and as the tissue contracts or relaxes, the coils will 
approach or recede, and correspondingly more or less current will be induced 
in the secondary coil. The inductograph is well suited for use in chronic ex- 
periments on unanestlietized subjects using imbedded coils or coils fastened to 
external surfaces of the body. Also, for special purposes it appears to oiler 
advantages over apparatus commonly employed in acute experiments on an- 
esthetized animals. 

In this laboratory, the inductograph has been extensively employed for a 
year and a half in studying gastrointestinal movements. The “pyloric in- 
ductograph” has been used in 32 dogs for the chronic study of the pyloric 
sphincter movements under what appears to he rather physiologic conditions. 
In<i these animals, the two electromagnetic coils described below were placed 
with aseptic precautions so the coil cores and the sphincter diameter were in 
the same line. That is, the coils were sutured diametrically opposite to each 
other: to the outer surface of the pyloric sphincter surface at the points of at- 
tachment of the lesser omentum and the greater omentum, respectively (Pig. 1). 
The lead wires of the coils were sutured along the lesser and greater curvature of 
.the pyloric antrum and finally were brought to the outside through a stab 
wound. The coils and. the lead wires were both covered with omental tissue. 
Coils examined after .having been in place for several months were found to be 
firmly anchored by this omental tissue. 

From the Department o! Physiology. Western neserve University Medical School, Cleve- 
land, Ohio. 

This Investigation received finaricial support from the Council on Pharmacy and Chem- 
istry, American Medical Association. . _ „ 

A preliminary report on this work appeared in the Federation Proceedings, 3: 37, 1944. 
Received for publication, June 9, 1944. 
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The coils (Fig. 3) usually employed for the study of pyloric sphincter 
motility consist of a cross-shaped base of tinned brass 0.25 mm. thick. The 
three short arms were 5 mm. long, 1 mm. wide and each was pierced at the outer 
end with a 0.38 mm. hole to be used in suturing the coil in the location desired. 
The fourth arm was 10 mm. long, 3 mm. wide and was divided into two arms by 
a slot 1 mm. wide extending into the long arm for 7 mm. The arms were shaped 
to conform to the surface to which they were to be fastened. The core was a 
piece of tinned soft iron 1.25 mm. in diameter and 8.5 mm. in length. It was 
soldered to the base plate in such a manner as to form a 2.5 mm. projecting nib. 
The coil windings are insulated from the base plate by a thin fiber disk, and 
from the core by a layer of insulating lacquer. 



The coil proper consisted of approximately 1,000 turns of No. 40 Form ex 
coated copper wire and was 6.25 mm. in diameter and 4.5 mm. thick. The lea 
wires were made by braiding together 10 strands of No. 40 Formex coate 
copper wire and three strands of No. 36 stainless steel suture wire. This was en- 
cased in Yu j x Yz 2 inch rubber tubing. One end of each rubber tube was slipp c 
over a long arm of the base and secured with silk thread or with lacquer. The 
lead wires had previously been insulated from the base arm by a bushing made 
from a short piece of fine French woven catheter. The entire coil and base 
were coated with several layers of clear Polymerin No. 55* baked at 135° C. for 
one-half hour, or Bakelite lacquer XV-14633f baked at 135° C. for one hour. 

The resistance of each coil was approximately 50 ohms. The inductive re- 
sistance offered by a coil to a 60 cycle alternating potential was small and thus 
the impedance of the coil under operating conditions was also approximate ) 
50 ohms. 

When the inductograph was in use, one coil (C x , Fig. 2) was made t « 
primary and was energized by connection in series with a suitable van a ) 


•Courtesy of Ault and Wiborg Corportlon, Cincinnati. Ohio. 
fCourtesy of Bakelite Corporation, Bloomfield, N. J. 
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resistance (70 to the 1.5 volt tap of a 60 cycle filament transformer ( T ). The 
oscillating’ magnetic field generated by C, induced in the secondary coil (C 2 ) a 
small alternating potential which in turn was amplified by a radiotronic ampli- 
fier (A) having a rated output of 13 watts and a maximum gain of 112 decibels. 
The amplifier output was arranged to energize the mirror oscillograph (J/) of 
the Victor type having an impedance ot 5000 ohms. A beam of light from the 



Fig. 3- 


slit lamp (jS) was reflected from the oscillograph miiror onto the sensitized 
paper of a photokymograph (K). Since the impressed current was oscillating, 
the oscillograph produced an oscillating band of light which lengthened as the 
coils approached each other and shortened as they separated. "We etistomarily 
recorded only the upper portion of the band and thus obtained a record, the 
peaks of which indicated approximation of the coils (interpreted as pyloric 
contraction), while the troughs indicated separation of the coils (pyloric re- 
laxation or opening). 
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The significance of several possible errors and artifacts was investigated 
as follows: 

1. The passage of peristaltic waves over the pyloric region may rotate the 
coils about the lateral axis (rocking on the coil base). Table I details the ef- 
fects obtained in vitro at various interpolar distances by rotating one coil 
about its base and shows that moderate angular rotation has an essentially 
negligible influence on the magnitude of the e.m.f. induced in the secondary 
coil. Furthermore, fluoroscopic observations of animals having implanted coils 
show that peristaltic contractions and other normal phenomena rotate the coils 
less than 5° from the longitudinal axis. Thus, the possibility of error due to 
coil rotation is negligible. 


Table I 


Effect of Rotating One Coil About Lateral Axis 


ANGLE 

band length with 
7.5 MM. 

INTERPOLAR DISTANCE OF: 
14 MM. 

19 Mil. 


0° 

94 mm. 

19.5 mm. 

10.5 mm. 


5° 

94 

18 

10.5 


10° 

94 

18 

10.5 


15° 

91 

18 

10.5 


20° 

91 

18 

10 


25° 

89 

17.5 

10 


30° 

89 

17.5 

15 



2. Increasing the intrapolar distance by lateral displacement of the coils 
is about as effective as longitudinal displacement in modifying the band length 
(curve XF, Fig. 4). Fluoroscopic examinations of implanted coils at the 
pyloric sphincter fortunately indicate that in practice, significant lateral dis- 
placement does not occur. 

3. Placing soft tissue, bone, wood, glass, water, normal saline, barium 
sulfate, etc., between or around the coils of an inductograph did not modify 
the magnitude of e.m.f. induced in the secondary coil. Probably this was re- 
lated to the low ferro-magnetic content of these substances. 

4. When the magnitude of current ordinarily employed under experimental 
conditions was allowed to pass through the primary coil for 30 minutes, no 
perceptible elevation of coil temperature occurred. Thus, the heat developed 
in the primary coil probably did not injure the tissue in which it was imbedded 
or modify its activity. 

5. No detectable e.m.f. was induced in the leads of the secondary coil by 
passing a current of the magnitude ordinarily used in the primary circuit 
through “dummy” leads placed adjacent to the secondary leads. 

6. Cutting of lines of flux by the motion of the coils themselves might in- 
duce current. Ordinary sphincter peristalsis, however, would only move the 
coils approximately' 0.5 cm. in 5 to 7 seconds and this interval is too long m 
comparison to the time required for the primary coil to vary the flux density 
between zero and its maximum value ( j/’-i 0 second) to induce significant cui 
rent in the secondary coil. We found that normal peristaltic movements veie 
too slow to induce detectable e.m.f. in the secondary coil by cutting lines o 
force even when the primary was energized by direct current. 
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A series of typical calibration curves made in vitro are shown in Fig. 4. 
They belong; to the family of hyperbolic curves having an exponential factor 
somewhat greater than 2. Each curve lias a steep, approximately linear portion 
and this section of the curve has been used in our experiments. 



INTER-POLAR DISTANCE- C M. 


Fig-. A In vitro calibratjon curves of a pair.of colls used m a pjloric inductograph show- 


ing effects on the band wid 
control setting of A-5. B-l 
setting of 15, the effect of 
of increasing the interpola 
interpolar position at X of 1.2 cm. 


he colls when employing a gain 
nr, of coils ancl a gain control 
n E X G XF shows the effect 
of one coil from an original 


The characteristic motility of the pyloric sphincter as recorded by the 
pyloric inductograph consists of rhythmic contractions having a 10.4-14.1 sec- 
ond cycle. In the fed animal, they tend to bo more uniform, more continuous, 
and of greater magnitude thaw during periods of fasting. A detailed descrip- 
tion of this activity and its relation to gastric evacuation will be given else- 
where. 



NEW SIMPLE SILVER STAIN FOR DEMONSTRATION OF BACTERIA, 
SPIROCHETES, AND FUNGI IN SECTIONS FROM PARAFFIN- 
EMBEDDED TISSUE BLOCKS 


Gabriel Steiner, M.D., and Grete Steiner, M.A. 
Detroit, Mich. 


I N 1937 a simple method for the demonstration of spirochetes in frozen sections 
was published. 1 One of the disadvantages of this method was that in steps 
8 and 13 a strong heat to the bubbling point had to be used and the presence 
of the technician was consequently required. A second disadvantage was the 
use of frozen sections. For these two reasons a silver staining technique for 
organisms in routine paraffin sections was sought for. The new method given 
below has been used for the last three years. Sections from the formalin- 
fixed tissue blocks embedded in paraffin were cut 6 to 7 microns thick and 
mounted on slides with clean egg albumen. Zenker-fixed tissue could not be used, 
nor could celloidin films be used. 

METHOD OF STAINING 

1. Deparaffinize sections in the usual manner. 

2. Place sections in an aqueous 1 per cent uranium nitrate solution for 3 
minutes. 

3. Wash twice in distilled water. 

4. Immerse in a 1 per cent aqueous solution of silver nitrate (c.p.) for 2 
hours in the oven (56 to 58 degrees). 

5. Wash thoroughly in distilled water. 

6. Dehydrate up to absolute alcohol and place sections in 2.5 per cent 
alcoholic (absolute) gum mastic solution for 5 minutes. 

7. Without washing them transfer sections directly from the gum mastic 
solution into the reducing solution of hydroquinone (1 Gm. hydroquinone dis- 
solved in 60 c.c. distilled water or equivalents, to which are added 20 c.c. of a 
2.5 per cent alcoholic [absolute] gum mastic solution and 20 c.c. of silvci 
nitrate sodium potassium tartrate solution, see below). Mix these three solutions 
thoroughly by moving the track with the slides up and down for some sccon s 
in the dish. Leave the slides in the reduction mixture for twelve to fifteen 
minutes until the color of the sections changes to light brown. 

S. Wash three times in distilled water, dehydrate, clear in xylol, and moun 
in Canada balsam. 

CHEMICALS 

Uranium nitrate, c.p., Baker’s analyzed. 

Silver nitrate, c.p., Baker’s analyzed. 

Gum mastic, powderized, Eimer and Amend. 

From the Brain Disease Registry, Department of Pathology, Wayne Unhersilj C 
of Medicine, Detroit, Michigan. 

Received for publication, Mar. 20, 194 4. 
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Hydroquinone, Cenco. 

Sodium potassium tartrate powder, c.p. 

Xylene, c.p., Baker’s analyzed 

Distilled water or, preferably, twice distilled water for steps 3 and 5 and 
for preparing: the silver nitrate solutions. 

SOLUTIONS 

A. Gum Mastic Solution — The solution is made by adding 2.5 Gm. of 
powderized gum mastic to 100 e.e. of absolute alcohol. It is dissolved by stirring 
with a glass rod and is left standing overnight. The solution is filtered several 
times until clear. 

B. Reduction Mixture . — The silver nitrate sodium potassium tartrate solu- 
tion is prepared as follows: 2 Gm. of silver nitrate (c.p.) are dissolved in 1,000 
c.c. of boiling distilled water. When flic chemical is dissolved and the water 
is boiling, 1.65 Gm. of powdered sodium potassium tartrate is quickly added 
until the white precipitate changes to gray. Then the solution is filtered 
while hot into an amber bottle with glass stopper. The silver nitrate sodium 
potassium tartrate solution is poured into the alcoholic gum mastic solution and 
not vice-versa; equal parts, 20 c.c. each, of silver nitrate sodium potassium 
tartrate solution and of 2.5 per cent alcoholic gum mastic solution are used. 
A milky fluid results which is the 40 c.c. added to the dish containing the 60 c.c. 
of hydroquinonc solution .(1 Gm. of hydroquinone dissolved in 60 c.c. of twice 
distilled water) and the slides 

The silver nitrate sodium potassium tartrate solution is the same as that 
used in the silver mirror method for smears. 2 

The final concentrations in the reduction mixture arc 

hydroquinone 1 per cent, 

gum mastic 0.5 per cent, and 

silver nitrate less than 0.04 per cent, 

because the precipitate formed in the sodium potassium tartrate solution has 
been eliminated by filtration. 

The 2.5 per cent alcoholic gum mastic solution, the 1 per cent aqueous 
uranium nitrate solution, the l per cent aqueous silver nitrate solution, and the 
silver nitrate sodium potassium tartrate solution can he kept indefinitely in 
stock, the last two in amber bottles with glass stoppers in the refrigerator. The 
hydroquinone solution has to be prepared each time shortly before use. 

Instead of staining dishes with removable racks (20 slides may be accom- 
modated if the slides arc placed back to back in pairs), Coplin jars can be used 
which accommodate 8 slides, three pairs in the inner grooves and one slide in 
each ontoi' groove. 

In using Coplin jaw care has to be taken that the concentrations of the 
solutions are equivalent to those previously given; for example, hydroquinone 
solution has to bo made up by dissolving 0.5 Gm. in 30 c.c. of distilled water; con- 
sequently 10 e.e. of 2.5 per cent alcoholic gum mastic solution and 10 e.e. of 
silver nitrate sodium potassium tartrate solution are used. In our laboratory, 
staining dishes of 200 c.c. capacity were used so that 2 Gm. of hydroquinone 
were dissolved in 120 c.c. of distilled water; 40 c.c. of 2.5 per cent alcoholic gum 



A HOMEMADE MECHANICAL PIPETTE 


M-40753 S/Sgt. M. S. Smith, No. 1 Canadian Base Laboratory, 
R.C.A.M.C., C.A. (0) 


A N AUTOMATIC pipette is almost indispensable in a laboratory handling 
large numbers of Kahn and Wassermann tests. When the serological 
service was instituted in the Canadian Army Overseas, it was found impossible 
to produce an automatic or a mechanical pipette, and the problem arose of 
making one from the material at hand. The following is a description of an 
automatic pipette designed and built by the writer, and in use for the past year. 
This machine is easy to handle and delivers accurately amounts from 0.25 c.c. up. 



Fig. 1. 


The motor is the type used for the Van Slylce apparatus, is geared, and l' as 
a variable speed. In the case of this machine, it was necessary to use electric 
light bulbs in series to cut down the voltage from 220 v to 110 v. The flywhee 
P has an eccentric and is attached by a series of lever arms to the plunger of a 
2 c.c. Record syringe. The syringe may be adjusted for amounts from 
c.c. up by moving the bearing I along the slot in J. The flow through the piped® 
is directed by valves A and B. On the downstrolre of the plunger, A closes am 
JB opens,- on the upstroke the reverse occurs, ensuring a regular even A° w 
fluid along S to rubber pressure tubing and thence to test tubes. Details of 


Received for publication, March 25, 1 94-1. 
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machine may be better undcistood by reference to Fig. 1. The flywheel P 
moves the syringe plunger through the medium of the members T, L, and A' 
which are made of strap iron and have bearings at 0, M, ft, and /. The syringe 



FiE 3. 


nozzle is hinged at F by a piece of brass rod % x IV. inches soldered to it. At 
G is a piece of rubber pressure tubing connecting the syringe to the T tube and 
valve system. In the valve system a good grade glass T tube % 0 inch inside 
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diameter is used. One end is partially closed in a flame for valve seat D. Valve 
B is made first, before the tube is drawn out for valve seat C. To make the 
valves, take a piece of glass rod about 12 inches long that will have about %,■ 
inch clearance when inserted into the T tube. Smooth one end in a flame and 
insert into the T tube for a trial fit. Tluf valve and valve seat are ground to fit 
with pumice and turpentine, using a rotating motion. When a fit is obtained, 
the rod is then cut about 1% inches from the ground end and this shorter piece 
constitutes the valve B. After valve B is in place, the other end of the T tube 
is carefully drawn out in a flame for the valve seat C, and valve A is ground to 
fit in the same way as valve B. The stem E of the T tube is then bent down- 
wards to connect with the syringe system by means of rubber pressure tubing 
at G. 

The motor is covered with a plain box for protection and to give support 
for bearing K and to the valve assembly (Fig. 2). The whole apparatus is con- 
structed from material at hand and is a very useful efficient machine (Fig. 3). 


i 
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DETERMINATION OF TOT.' L AND FREE CHOLESTEROL 


A. G. Siieftel, M.D., Beverly Hills, Calip. 


M UMEROUS methods are available for the deteuaination of total cholesterol, 
N most of them based on the Liebermann-Burchard reaction, in which a 
blue color develops when cholest'erol is treated with acetic anhydride and 
concentrated sulfuric acid. The majority of these tests are concerned with 
various steps of extraction of the cholesterol from the blood. 

The color produced in the Liebermann-Burchard reaction is evasive and 
of short duration. The complete intensity is attained in a few minutes, de- 
pending on temperature and light factors. The peak of the color intensity 
lasts but a few minutes and hen fades rather rapidly. It is essential, there- 
fore, to take colorimetric readings of the unknown and the standard at the 
same time. When several determinations have to be made, the later colori- 
metric readings may be outside the peak of the curve, giving an error in 
results, especially when a permanent standard is used, or a permanent curve is 
plotted with a photoelectric colorimeter. 

The method herein described produces a more stable color. By adding 
glacial acetic acid to the Liebermann-Burchard reagents, the color develops 
much more slowly, and the peak of color intensity is of much longer duration, 
very gradually fading away. Chart 1 is a graphic presentation of the color 
development with and without the addition of glacial acetic acid, as recorded 
by a photoelectric colorimeter (Klctt), under identical conditions of tempera- 
ture and light. The heavy line is a record of results with the use of glacial 
acetic acid ; the light line, without. The abscissa represents the time and the 
ordinate, the colorimetric readings. It can be seen from the chart that with- 
out glacial acetic acid the color develops rapidly, reaching its maximum inten- 
sity in nine minutes. The peak of the color intensity remains for five minutes, 
then rapidly fades. Twenty minutes after reaching its maximum intensity, 
the color has faded 18 per cent. With the addition of glacial acetic acid, how- 
ever, the color reaches its maximum intensity in twenty-one minutes, remains 
at a peak for fourteen minutes, then begins to fade much more slowly. Twenty 
minutes after reaching its maximum intensity, the color has faded only -1 per 
cent. The color produced with glacial acetic acid, although slightly less in- 
tense at its peak than the color produced without glacial acetic acid, never- 
theless is sufficiently deep to make accurate determinations even with small 
amounts of cholesterol present. 

Several experiments were made w r ith various stocks of glacial acetic acid 
as follows: (1) a new bottle; (2) a bottle that had been kept open for 
several weeks; (3) glacial acetic acid to which 1 per cent water was added. 
Invariably, all colorimetric readings were the same. 

From the Department of Medicine, College of Medical Evangelists. Los Angeles 

Received for publication, March 15, 1941 
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EXTRACTION OF THE CHOLESTEROL 

Various methods were studied for the extraction of cholesterol from the 
blood, and it was found that the most thorough and expedient method which 
did not require special apparatus was to extract the lipids from the blood by 
means of acetone-alcohol mixture, evaporate the extract, and then isolate the 
cholesterol from the residue with chloroform. 
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Chart 1. — Color development with and without glacial acetic acid. Heavy 
* acetic acid, light line without. 


line with Elacia' 


PROCEDURE FOR TOTAL CHOLESTEROL 

Reagents . — 

1. Acetone-alcohol, equal parts of acetone and absolute alcohol. 

2. Chloroform, C.P., reagent. 

3. Glacial acetic acid. 

4. Acetic anhydride. 

5. Concentrate sulfuric acid. 
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6. a. Stock cholesterol solution, containing 1 mg. of cholesterol in 1 c.c. of 
chloroform. 

b. Working standard: dilute 1 c.c. of the stock to 10 c.c. volume with 
chloroform. 

Technique . — 

Introduce into a Pyrex test tube graduated at 5 c.c., or into a graduated 
centrifuge tube, 4 c.c. of acetone-alcohol mixture. Add to it slowly, 0,5 c.c. 
of oxalated blood. When determination of free cholesterol is also required, 
use a test tube graduated at 10 c.c ; add to it 8 c.c. of acetone-alcohol and 
1 c.c. of oxalated blood. Immerse test tube in hot water of a temperature 
near boiling point until the solution in the test tube begins to boil. Then 
remove the test tube from the water bath and stir contents thoroughly with 
a stirring rod. Repeat this boiling process twice more. Let stand two or 
three minutes, and then add acetone-alcohol mixture to the 5 c.c. mark (10 c.c. 
mark for free cholesterol). Stir thoroughly. Insert a cork into test tube, and 
centrifuge for about three minutes at moderate speed. Decant supernatant 
fluid into a clean test tube. Use 3 c.c. of this extract for the total cholesterol; 
4 c.c. for free cholesterol. Where total cholesterol alone is required, 3 c.c. can 
easily be pipetted off without transferring into another test tube. Transfer 
3 c.c. of the extract into a 100 c.c. dry Pyrex beaker and evaporate slowly, 
just to dryness. To prevent too rapid evaporation, it is advisable to place 
a piece of asbestos on top of the electric plate. After the residue in beaker is 
dry, add to it about 5 c.c. of chloroform and evaporate slowly to about half 
volume. Transfer the extract to a dry test tube graduated at 5 e.c. Repeat 
extraction process until the 5 c c mark is reached. Let stand for a few min- 
utes to cool; then add 1 c.c. of glacial acetic acid, 2 c.c. of acetic anhydride, 
and 0,2 c.c. of concentrated sulfuric acid. Insert rubber stopper, invert twice, 
and place tube immediately into a water bath of 23° C. for twenty-five minutes. 
Examine in colorimeter. A red filter facilitates matching of colors. In order 
not to have excessive variations in light, it is advisable to develop the color in 
the same corner of the laboratory. We have found that a brown glass jar is 
very useful for such a water bath. Prepare the standard by adding 5 c.c. of 
the working standard, 1 c.c. of glacial acetic acid, 2 c.e. of acetic anhydride, 
0.2 c.c. of concentrated sulfuric aid; treat this mixture in the same way as the 
unknown. This standard represents 167 mg. cholesterol per 100 e.c. 

Table I 


PRESENT METHOD BLOOR METHOD 

NUMBER OF TEST TOTAL CHOLESTEROL IN TOTAL CHOLESTEROL IN 

MG. PER 100 C.C. MO. PER 100 C.C. 
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Table I shows comparative results obtained with the method herein de- 
scribed and the Bloor method. In the latter only two tests were run at the 
same time, and a fresh standard was made for each determination. The color 
of the unknown and the standards were developed under identical conditions of 
temperature and light. The extraction procedure in this method does not pro- 
duce any extraneous color, since there is a tendency in this method to give 
slightly lower values, as compared with other methods employing the alcohol- 
ether extraction. 

METHOD FOR FREE CHOLESTEROL 

Reagents . — 

Above reagents as employed in method for Total Cholesterol, plus: 

1. Digitonin solution : 1 per cent digitonin in 95 per cent alcohol. 

2. Ether-acetone mixture, 2 parts to 1. 

3. Standard solution containing 0.5 mg. cholesterol in 1 c.e. glacial acetic 

acid. 

Technique . — 

To 4 c.c. of acetone-alcohol extract, add 1 c.c. of digitonin solution and 

1 c.e. of distilled water. Mix, and allow to stand for about forty minutes. 
Centrifuge for ten minutes at high speed. Decant supernatant fluid and let 
the inverted test tube stand over a piece of filter paper for two to three min- 
utes. Wipe mouth of test tube with filter paper, and add 10 c.c. of ether- 
acetone mixture, washing sides of the test tube well with this mixture. Stir 
precipitate and centrifuge for ten minutes at high speed. Decant supernatant 
fluid, drain again as before, and add again 10 c.e. of the ether-acetone mixture. 
Stir precipitate and centrifuge for ten minutes at high speed. Decant super- 
natant fluid, dry mouth of test tube with filter paper and immerse test tube 
in warm water at 50° C. for a few minutes (to dry precipitate). Now add 3 c.c. of 
glacial acetic acid, immerse in water heated to 70° or 80° C. for a few minutes, 
or until the precipitate is completely dissolved. Cool the test tube. Now add 

2 c.c. of acetic anhydride, 0.2 c.c. of concentrated sulfuric acid, stir thoroughly, 
and allow to stand in a water bath at 23° C. for l 1 /? hours. Examine in colori- 
meter. 

PREPARATION OF STANDARD 

To 1 c.e. of standard solution containing 0.5 mg. of cholesterol, add 2 c.c. 
of glacial acetic acid, 2 c.c. of acetic anhydride, and 0.2 c.c. of concentrate 
sulfuric acid. Stir thoroughly and allow to stand for 1 hours in a watei 
bath of 23° C. This standard represents 125 mg. of free cholesterol, lo detei 
mine cholesterol esters, deduct free cholesterol from the total cholesterol. 

SUMMARY 

Blood is extracted with acetone-alcohol 1 :1, the extract evaporated and 
extracted with chloroform. Glacial acetic acid is added to the chloroform cx^ 
tract. The addition of the glacial acetic acid produces a more stable coloi o 
Liebermann-Burchard reaction. The acetone-alcohol extract is also being nse 
for the determination of free cholesterol. 



SULFONAMIDE DETERMINATION IN BLOOD USING 
XYLENESULFONIC ACID AS A PROTEIN PRECIPITANT 


S/Sgt. R. E Florin, Med. Df:pt. A.U.S. and 
First Lieut R M. Silversteix, S.C., A.U.S. 


S ULFONAMIDES are ordinarily determined in blood according to the 
method of Bratton and Marshall using trichloracetic acid as the protein 
precipitant. Because of the acute shortage of trichloracetic acid in the South- 
west Pacific Area, a method has been devised in which the protein is precipi- 
tated by xylcnesulfonic acid. The possibilities of this reagent were suggested 
by the use of p-toluenesulfonic acid m an older method of Marshall. 1 The syn- 
thesis of p-toluencsulfonic acid was precluded by the scarcity of toluene. 
Xylene, on the other hand, is readily available, as is technical sulfuric acid. 

METHOD 

Protein is precipitated from blood with a mixture of xylcnesulfonic and 
sulfuric acids, and sulfonamides arc determined by coupling in alcohol solution 
with N-(l-neplithyl) — cthylenediainme dihydrochlorido according to a modified 
Bratton-Marshall method. 2 

reagents 

a. Xylcnesulfonic acid. Place 30 e.c. xylene and 40 c.c. concentrated sul- 
furic acid (technical grade is satisfactory) in a 125 c.c. flask. Warm to 
start the reaction and shake at intervals until a nearly clear solution is 
obtained (about 30 minutes). Separate the small amount of unreactcd 
xylene. Dilute to 250 c.c. with water. Bring to a boil in a 1,000 c.c. 
beaker. Cool, and add slowly, with stirring, a suspension of 34 Gm. cal- 
cium hydroxide in 50 c.c. water. Boil for one minute, and filter with 
suction. Wash thoroughly with three 10 c.c. portions of hot water, stir- 
ring up the mass each itme. Dilute the filtrate to 280 c.c. Allow to stand 
for two days and decant from the precipitant formed. This gives ap- 
proximately a 20 per cent solution, 

b. Sulfuric acid. N/12. 

c. Xylenesulfonic-sulfurie acid mixture. To 15 volumes N/12 sulfuric acid 
(b) add 4 volumes xylcnesulfonic acid (a), 

d. Sodium nitrite 0.1 per cent. Freshly prepared, 

e. Ethyl alcohol. 95 per cent. 

f. N-( 1-naplithyl) — etliylenediamine dihydrochloride, 0.1 per cent. Keep 
in refrigerator in brown bottle. 

g. Stock standard sulfonamides. 100 mg. per liter for all except sulfadiazine 
(50 mg. per liter). Keep in refrigerator, 

h. Strong working standard. 1 c.c. stock (2 c.c. for sulfadiazine) diluted 
to 20 c.c. with xylenesulfonic-sulfurie acid mixture (c). 

Received tor publication, June 29, 1941. 
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i. Weak working standard. 1 e.e. stock (2 c.c. for sulfadiazine) diluted to 
50 c.c. with xylenesulfonic-sulfiiric acid mixture (c). 


PROCEDURE 

Add 1 c.c. oxalated blood dropwise with shaking, to 15 c.c. N/12 sulfuric 
acid (b). Allow to lake for two minutes. Then add, dropwise with shaking, 
4 c.c. xylenesulfonic acid (a). Filter. One cubic centimeter oxalated blood may 
be added alternatively to 19 c.c. xylenesulfonic-sulfiiric acid mixture (c). To 10 
c.c. filtrate and to 10 c.c. each of the strong and weak standards, add 0.5 c.c. 
sodium nitrite solution (d). Mix and allow to stand three minutes. Add 5.0 c.c. 
ethyl alcohol (e) and mix. Add 0.5 c.c. N- ( 1-naphthyl ) -ethylenediamine dihy- 
drochloride (f) with vigorous swirling. Allow to stand at least a minute and 
compare in the colorimeter, using the closer matching standard. The colors are 
stable for several hours. 

CALCULATIONS 

Weak standard: 

S/U x 4 = mg. per 100 c.c. blood. 

Strong standard: 

S/U x 10 = mg. per 100 c.c. blood. 

Recovery experiments and comparative studies were made employing both 
trichloracetic acid and xylenesulfonic acid as precipitating agents (Table I). 

Table I 


Blood Levels (in mg. per 100 c.c.) of Free Sulfonamides Obtained in Recovery Experi- 
ments and Comparative Studies Using Trichloracetic Acid and Xylenesulfonic Acid as 

Precipitating Agents 


SULFONAMIDE 

PREPARED 

CONCENTRATION 

TRICHLORACETIC 

ACID METHOD 

XYLENESULFONIC 
ACID METHOD 

Sulfadiazine 

10.0 

9.5 

9.0 



4.2 

4.0 




5.9 

5.1 




10.1 

9.5 




4.3 

4.2 

Sulfathiazole 

10.0 

9.4 

9.2 


10.0 


9.1 


10.0 


8.9 


10.0 


9.4 


10.0 


9.0 


10.0 



9.4 


5.0 

4.1 

3.9 

Sulfaguanidine 

10.0 

9.4 

9.5 


5.0 

4.1 

4.2 


2.0 


2.0 


SUMMARY 

An alternate method for determining blood sulfonamides has been described- 
The method offers a substitute protein precipitant, prepared from readily avaI 
able laboratory reagents. Results are comparable with those obtained by 10 
standard trichloracetic acid method. 

REFERENCES 

1. Marshall, E. K., Jr.: Determination of Sulfonamide in Blood and Urine, J. Biol. Ch 
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another is the rubber joint B by which the arms of the siphon are adjusted in 
length until the fluid columns balance when T is removed. Before use the siphon 
is filled with wash fluid by suction at D, preferably by mouth, by way of a tube 
with mouthpiece. 

With tube T in position the siphon flows ; the flow may he accelerated by 
suction, stopped suddenly, or even reversed by pressure at D. Because of the 
balanced siphon, suction by mouth requires little effort and gives more control 
than is possible through any mechanical source. Just before the tip disengages 
the fluid, the suction is removed. 

The decanter is best mounted by clamping the neck of flask E to a ring 
stand. The centrifuge tube T is held in place and manipulated mechanically by 
an adjustable screw or simply steadied by thumb and forefinger against a ring 
stand. 

SUMMARY 

A micro-deeanter for the separation of the wash fluid from a metallic pre- 
cipitate in centrifuge washing is described. Use of a balanced siphon rather 
than power suction gives delicate control so that accidental removal of floating 
flakes of the precipitate is avoided. 



BOOK REVIEWS AND NOTICES 


The Riddle of Cancer. By Charles Oberling, M.D., translated by William H. 

Woglom, M.D. Yale University Press, New Haven, Conn. Price $3.00. 

Cloth with 19G pages. 

Aside from two introductory chapters this book of 196 pages is divided into 
three parts : first, an unbiased exposition of three theories of the nature of 
cnl.cer ; second, a discussion of modern experimental research in cancer; and 
third, a vigorous defense of the authors theory of the cause of cancer — that 
it is caused by viruses. 

As would be expected and is natural, there is considerable tendency to 
emphasize the contributions of the French, to the exclusion (perhaps only 
nonmention) of others. The position of Virchow, Cohnhcim, and others, how- 
ever, is clearly made and the only charge is pardonable provincialism. 

Whether or not the laity can derive instruction and information must re- 
main for the laity to determine for themselves. A fair statement is on the 
paper jacket. “It is a book for laymen as well as doctors since it is written with 
a simplicity that does not flinch from using technical terms or defining them.” 
There can he little question of the simplicity and logic of the discussions (which 
is as much to the credit of the translator as of the author). On the other 
hand every page is sprinkled with scientific terms, some of which are not de- 
fined. A guess might be that the educated lay person will find the style and 
context sufficiently intriguing to stimulate him to read. In sarcasm, the author 
"is at his best. For example on page 34 of the section devoted to the mierobic 
or parasitic hypothesis of cancer: “Such a spectacle was presented hardly 
eight years ago, when it was announced to an astonished world that tomatoes 
are the cause of cancer. Not only announced but proved ! For the injection of 
tomato juice into the peritoneal cavities of rats was said to have been promptly 
followed by sarcomas, and photomicrographs were offered in support of the 
assertion. Well, it was difficult to incriminate such a common article of diet, so a 
microorganism was sought, and as though by magic one appeared : an in- 
offensive bacillus of the subtilis group that everyone carries in his skin. But 
there, it was said, were the proofs; this microbe, isolated from tomato juice, 
had been obtained in pure culture, and produced sarcoma when inoculated into 
rats. No one, of course, was able to confirm these experiments and both tomato 
and subtilis were thereupon restored to favor, but neither has anyone ever dis- 
covered how these ‘tomato sarcomas’ were produced.” A close second in 
charm of style is the occasional side remark revealing the philosophy of the 
author. At the end of a discussion of experiments and theories on page 16: 
“Ideas have arisen, tenuous at first, later taking form, to crystallize at last in a 
number of definite conceptions. Not yet having been consecrated by experiment, 
these remain only working hypotheses, but even so they have been immensely 
valuable. If some inaccuracies, and even errors, must be admitted, all hold a 
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another is the rubber joint B by which the arms of the siphon are adjusted in 
length until the fluid columns balance when T is removed. Before use the siphon 
is filled with wash fluid by suction at D, preferably by month, by way of a tube 
noth mouthpiece. 

With tube T in position the siphon flows ; the flow may be accelerated by 
suction, stopped suddenly, or even reversed by pressure at D. Because of the 
balanced siphon, suction by mouth requires little effort and gives more control 
than is possible through any mechanical source. Just before the tip disengages 
the fluid, the suction is removed. 

The decanter is best mounted by clamping the neck of flask E to a ring 
stand. The centrifuge tube T is held in place and manipulated mechanically by 
an adjustable screw or simply steadied by thumb and forefinger against a ring 
stand. 

SUMMARY 

A micro-decanter for the separation of the wash fluid from a metallic pre- 
cipitate in centrifuge washing is described. Use of a balanced siphon rather 
than power suction gives delicate control so that accidental removal of floating 
flakes of the precipitate is avoided. 



BOOK REVIEWS ANT> XOTICES S85 

to psychiatry and should not attempt to make the student depend on it as a 
therapeutic guide. On page 32 the author states that in the ease of paresis, “The 
serology alone is so diagnostically decisive, that in an untreated ease, the diag- 
nosis may be made in the laboratory without seeing the patient.” This state- 
ment encourages a student to rely too exclusively on laboratory techniques. 

In spite of these limitations t his introduction to psychiatry is one of the 
most useful outlines, available 

Enwis F. Gildea, }f.D. 

Homicide Investigation. LeMoyne Snyder, M.D., Medicolegal Director, Michi- 
gan State Police. Charles C Thomas, Springfield, III., 1944. Price $5.00. 

Cloth with 287 pages. 

Written primarily for coroners and police officers, this book has much to 
recommend it as a practical reference and guide to physicians who occasionally 
participate in the investigation of suspected homicide. Excellently printed 
and well illustrated, the book covers both general and specific considerations 
of the medical and nonmedical phases ot investigation. 

Special chapters on the interrogation of the criminal, investigation of 
highway accidents, and the collection and preservation of firearms evidence 
were contributed by othei members of the Michigan State Police and the 
Chicago Scientific Crime Detection Laboratory. The remaining chapters deal 
with examination of the scene, examination of blood stains, the detection of 
alcohol, examination for suspected assault, deaths from asphyxia, drowning, 
burning, poisoning, blunt and penetrating violence, criminal abortion, and 
gunshot wounds. 

Appearing about the time when the “Report of the Committee of the 
American Medical Association to Study the Relationship of Medicine and 
Law” was published in the Journal of the American Medical Association (125: 
577-583, June 24, 1944), it becomes obvious that there is a definite need of more 
general interest on the part of the medical profession for coordinated medical 
and legal activity. The author, who is also a member of the American Bar 
Association, is competent to present his views to both public officials and 
physicians. Exasperated at being confronted frequently in his work as a con- 
sultant by inadequate and misdirected investigation on the part of those 
charged with collecting the necessary preliminary evidence, Dr. Snyder has 
attempted to provide coroners, police officers, and others with a useful, simple 
handbook to serve as a pattern for proper investigation. 

He has succeeded well in his purpose. The hook is written for the most 
part in nontechnical terms. It shares the fault of any hook that aspires to 
simplification; experts in the field will find numerous general conclusions that 
need qualification, but this does not detract from the value of the book. Labo- 
ratory procedures are referred to in general terms indicating the type of in- 
formation which may he expected so that the coroner or police officer will not 
be tempted to carry out procedures beyond his scope. 

The book includes over a hundred photographic illustrations, many of 
which are excellent. The quality of the reproductions of the color photographs 
is perhaps out of proportion to the added expense. 


Herbert S. Breytoole. 
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The Diabetic Life, Its Control by Diet and Insulin. By R. D. Lawrence, JLA, 
M.D., F.R.C.P. (London), Physician in Charge, Diabetic Department, 
King’s College Hospital, Late Chemical Pathologist and Lecturer, King’s 
College Hospital. 13th Edition, Cloth with 228 pages and 18 illustrations. 
Price $4,00. The Blakiston Company, Philadelphia, Pa. 

Lawrence is a well-known specialist in the treatment of diabetes, and this 
little book summarizes what he has found to be important and practical in 
the treatment of the disease. The information given is sound, and the direc- 
tions are explicit. It is what it purports to be, “a concise practical manual 
for practitioners and patients. ’ ’ Since the first edition, published in 1925, the 
methods of this London physician have been widely followed in Great Britain, 
and have also been used by many people in this country. A “War-Time Sup- 
plement ’ ’ heads the new edition, with special instructions and diets for ivar- 
torn England. For example, the proper use of the extra protein and fat rations 
granted to diabetics is outlined. Because of the scarcity of oranges, apples, 
tomatoes, and lettuce (all diabetic stand-bys), cabbage, turnips, carrots, celery, 
leeks, and watercress are recommended, and other similar practical substitu- 
tions are described. Lawrence’s “Line-Ration” scheme of food measurement 
has always seemed to add to the complication of diet calculation. He seems 
to be abandoning it in favor of a “Five-Gram” diet scheme. American pa- 
tients and physicians will no doubt continue to use the simpler carbohydrate- 
content food-group plan, and the food tables given in this book will not,, there- 
fore, be useful to the majority of patients and physicians in the United States. 

Physicians interested in the treatment of diabetes will profit from the 
practical discussion of details of management given, but because of the differ- 
ence in the American scheme of carbohydrate computation in the diet, other 
manuals available will prove of greater usefulness to diabetic patients in ibis 
county. 

Cyril M. MacBrype. 


Elimination Diets and the Patient’s Allergies: A Handbook of Allergy- 

Albert H. Rowe, M.D., Lecturer in Medicine, Univei’sity of Calif 01 nm 
Medical School, San Francisco, California ; Consultant in Allergic Diseases, 
Alameda County Hospital, Oakland, California. Lea and Febiger, Phi a- 
delphia, 1944, Second Edition, thoroughly revised. Price $3.50. ' 0 

with 256 pages. 


The author of the book is a notable pioneer in the study of food allergy- 
He has made great contributions to the field of allergy, especially in the use 
of trial diets for diagnostic and therapeutic aids. ( 

The book covers many symptoms and manifestations of allergy end a 
tempts to correlate them with dietetic control. The main theme of the b 0(K 
the dietary management of allergy. Rowe emphasizes, as he has done m pi 
vious books, the fallibility of skin tests, especially when chronic or de ay e 
type of allergy is present. He very aptly stresses the importance of 
exclusion of omitted foods while food allergy is being studied since it in ‘ ' 
be assumed that maximum food allergy is present. This practical point iso* ^ 
looked by many who feel that a small amount of a forbidden food will ( 0 1 
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harm. The need of using a trial diet for more than a few days is emphasized, 
particularly in patients who have allergy of long standing. 

Dr. Rowe expresses the fact, well known among allergists, that a period 
of observation must be long enough to determine whether freedom from symp- 
toms is due to the use of a given diet or to an ordinary remission. He feels 
that a diet, to be of proved value, should relieve the patient longer than the 
longest previous symptom-free period Tie stresses the necessity of detailed 
menus to assure proper nutrition during trial diet periods. He gives many 
standardized menus and mentions the difficulty of securing some of the sug- 
gested foods during wartime. Although the attempt is made to standardize 
trial diet usage, he does feel that a given diet should be modified by definitely 
positive skin reactions as well as the patient’s history of disturbance from a 
given food. 

The book is easily read. Although it discusses various etiologic agents 
and the clinical manifestations of allergy, its chief value lies in the emphasis 
it places on food in the etiology and therapeusis of allergy. The book should 
be studied carefully by all who practice allergy. 

C, Malone Stroud. 

Principles and Practices of Inhalational Therapy. By Alvan B, Baruch, M.D., 
Associate Professor of Clinical Medicine, Columbia College of Physicians 
and Surgeons; Assistant Attending Physician. Presbyterian Hospital. J. 
B. Lippineott Company, Philadelphia, Pa Price $4.00. Cloth with 315 
pages and 59 illustrations. 

Dr. Barach qualified himself as the author of this handbook by devoting 
years of study analyzing the techniques and rationale of inhalation therapy. 
He has done an admirable job of summarizing his own observations and those 
of other investigators in a thoroughly readable form. After presenting the 
historical and physiologic background of inhalation therapy, he systematically 
discusses its use in the treatment of thirty different conditions. A few of these 
are acute altitude sickness, pneumonia, pulmonary edema, congestive heart 
failure, shock, coronary thrombosis, emphysema, bronchial asthma, war gas 
poisoning, and blast injuries of the lungs. Each section begins with a state- 
ment. of the pathologic physiology of the disease state and an analysis of the 
rationale for using inhalation therapy. There is a valuable chapter on oxygen 
poisoning which calls attention to the apparent ability of human subjects to 
withstand higher concentrations of oxygen than those tolerated by most ex- 
perimental animals. Barach suggests that the greater tolerance may be due 
to the fact that patients who breath high concentrations of oxygen have inter- 
missions during which the mask is changed or their faces washed. The detailed 
discussion of methods of inhalation therapy contains much practical informa- 
tion as, for instance, the necessary minute flow of oxygen to attain different 
concentrations of the gas in inspired air, when face masks are used. 

The book is beautifully printed, well illustrated, adequately indexed, and 
contains a good bibliography. As a minor criticism, it should be pointed out 
that many fundamental investigations done on animals are reviewed only very 
briefly. The author avoids, however, the mistake of being too enthusiastic in his 
claims for the possible benefits of inhalation therapy. 

C. V, M, 
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The Analytical Chemistry of Industrial Poisons, Hazards and Solvents, Ik 
Morris B. Jacobs, Pli.D., Senior Chemist, Department of Health, City of 
New York, 1928- ; Director of Gas Reconnaissance, Gas Defense Service, 
New York City Citizens Defense Corps; formerly Lt. U. S. Chemical War- 
fare Service Reserve. Second revised reprint. 1944, Interscience Pub- 
lishers, Inc., New York, N. Y. Price $7.00. Cloth with 661 pages. 

The Diet Therapy of Disease. By Dr. Louis Pelner, Assistant Attending 
Physician, Long Island College Hospital, Greenpoint Hospital, and 
Brooklyn Cancer Institute; Gastroscopist ; Beth Moses Hospital; Lec- 
turer, Postgraduate Course in Gastroenterology, under the charge of 
Dr. S. A. Seley. Personal Diet Service, New York, N. Y., 1944. Price 
$3.75. Cloth with 143 pages. 

A Manual of Physical Therapy. By Richard Kovacs, M.D., Professor of 
Physical Therapy, New York Polyclinic Medical School and Hospital; 
Attending Physical Therapist, Manhattan State, Harlem Valley State, 
Columbus, and West Side Hospitals; Visiting Physical Therapist, New 
York City Department of Correction Hospitals; Consulting Physical 
Therapist, New York Infirmary for Women and Children; Mary Immacu- 
late Hospital, Jamaica, New York, St. Charles Hospital, Jefferson, L. I, 
Hackensack Hospital, Hackensack, N. J. Third edition, thoroughly re- 
vised, formerly published under the title “Physical Therapy for Nurses 
Lea & Pebiger, Philadelphia, Pa., 1944. Price $3.25. Cloth with 309 
pages and 1 IS engravings. 

The Principles and Practice of Medicine. By Henry A. Christian, A.M., H.1 
LL.D. (Hon.) Sc.I)., Hon. F.R.C.P. (Can.), F.A.C.P., Hersey Professor ol 
the Theory and Practice of Physic, Emeritus, Harvard University; Clinica 
Professor of Medicine, Tufts College Medical School; Physician in Chie, 
Emeritus, Peter Bent Brigham Hospital; Visiting Physician, Beth Ismc 
Hospital, Boston. Fifteenth edition, D. Appleton-Century Co., New V oi 
N. Y. Price $9.50. Cloth with 1,498 pages. 

The Treatment of Peptic Ulcer. By George J. Heucr, M.D., Professor ot 
Surgery of Cornell University Medical College and Surgeon-in-Ghief 0 
the New York Hospital. J. B. Lipp incot t Company, Philadelphia, a 
Price $3.00. Cloth with 11S pages. 



The Journal of 
Laboratory and Clinical 
Medicine 

Vou 2D Si I'Ti’.MHfK, 1D44 Xo. D 

CLINICAL AND EXPERIMENTAL 


SULFONAMIDE-RESISTANT (ioXoKRIIBA TREATED WITH UREA 
AND SULFONAMIDE BV MOUTH 


Major Mai'Iiut, A. M.<\, A U S., and 
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A S KFPICAClorS as thv sulfonamides hate been in the treatment of gonor- 
rhea, the problem of sulfonamide resistant eases in the Armccl Forces, un- 
til recently, has been an important otu- It constituted as many as 10 to 20 
per cent of eases. Penicillin, hmuwer, has now made gonorrhea in any of its 
forms curable in practically all cases 

But before penicillin became available to us, sulfonamide-resistant cases 
were frequently difficult to treat ami resulted in much loss of time from duty. 
In an attempt to find a more success! ul method of treatment for these cases than 
anterior urethral instillations of silver salts and a safer method than fever 
therapy we were encouraged from the following considerations to try urea by 
mouth. 

After D. I). Woods of London’ and others had demonstrated that para- 
aminobenzoio acid, peptone, tissue extracts, etc., may be inhibitors of sulfona- 
mide activity, further studies showed that such substances as azoehlorumule,-’ 
certain purines,' and urea ma> behave as anii-inhibitors. Such a substance as 
urea may act in some way to prevent the inhibitors from interfering with the 
sulfonamide action. 

With this newer knowledge, scieral investigators have tried urea combined 
with a sulfonamide as a local dressing to wounds that had not responded pre- 
viously to a sulfonamide alone.* Tsuchiya mid his associates'- '■ 7 found the 
combined action of the two substances effective against certain organisms in 
vitro, particularly staphylococci and i». cult When this idea was applied in 
\ivo to wounds, compound fractures, and infected dermatoses, it met with some 

Presented sit the Stetion.il Meeting of the American Federation for Clinical Research, 
Cornell Vmvomt>. New York, Dec 4. 1313 
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degree of success. 8, 9 When used in this way externally, urea is thought to 
increase the solubility of the sulfonamide, to enhance its bacteriostatic action, 
and to prevent the sulfonamide from caking. 

Because of its property to increase sulfonamide solubility, 1 * Sobin and his 
associates gave urea internally in an attempt to reduce the toxic effects of the 
sulfonamides on the kidneys. 11 They administered urea by mouth to rats and 
considered it to be of some benefit in preventing the renal precipitation of 
acetylsulfonamide crystals. No toxic effects were encountered. 

Such studies of the combined use of an anti-inhibitor, as urea, and the 
sulfonamides seem important in attempting to broaden our scope of knowledge 
of the sulfonamide group of drugs. 


MATERIAL AND METHODS 


At the time this study was undertaken, sulfonamide therapy for gonorrhea 
in the Army 12 consisted in the administration of 4.0 Gm. of sulfat.hiazole or 
sulfadiazine, given in doses of 1.0 Gm. four times daily for five days. The 
majority responded to this treatment. If it failed, the same course was re- 
peated, or the patient was hospitalized and given 4.0 Gm. of either drug as an 
initial dose, followed by 1.0 Gm. every four hours, day and night, for five days. 
If the discharge still persisted the case was labeled. “sulfa-resistant.” 

Patients were selected for this study who had been sent to the Valley Forge 
General Hospital as being “sulfa-resistant”; their urethral smears were per- 
sistently positive for gonococci. The majority had been given sulfathiazolc 
and had had both the above courses of treatment. Several had had as many 
as five courses. Treatment was withheld for several days after admission to 
be certain there was no lag in response to their pre-admission therapy, and to 
obtain additional data. Besides a careful history and physical examination, 
such studies included complete blood examination, a second- or third-glass 
urine specimen for albumin and red blood cells, fasting blood urea nitrogen, 
and 24-hour urine urea. When all these findings were normal the patient was 
started on urea in the following mixture: 


Urea crystals 
Distilled water 
Simple syrup q.s. ad 


325.0 Gm. 

450.0 c.c. 
1000.0 c.c. 


This mixture was tolerated very well and in the dose of two tablespoons 
three times a day supplied about 30.0 Gm. of urea daily. This treatment alone 
was given for three days. On the morning of the third day another fasting 
blood urea nitrogen determination was made and the collection of a secon 
24-hour urine for urea content was begun. On the morning of the fourth daj 
urethral smears were examined again to determine whether gonococci were s i 
present. The patient was then begun on a sulfonamide, the same drug and m 
the same dosage which had failed previously. 

The urea and sulfonamide were continued together on the fourth, fifth, an< ^ 
sixth days; then the urea was stopped. If there were no complications as shown 
by symptoms, blood counts, or urinary findings, the sulfonamide was continue, 
for another three days. The urine was examined daily by the “two-glass tes . 
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If, at the end of treatment, any discharge remained, smears, and in some in- 
stances, cultures, wore made. The patient was then observed for another three 
weeks and his progress followed by two-glass tests oi the urine and smears. 
The total treatment as outlined nbo\e required nine days, three days on urea 
alone, three days on urea plus sulfonamide, and three days on sulfonamide alone. 

• RESULTS or THERAPY 

Forty male patients were treated by this method Thirty-six were white, 
four Negro. Thirty-eight were given sulfatluazolc, two were given sulfadiazine. 
-All of the patients showed persistence of eonoeoeei after three days on urea 
alone. 

Of the 40 eases, 21. or 52.5 per cent, showed a rather dramatic recovery on 
the urea and sulfonamide, that is, the urethral discharge ceased abruptly and 
completely. The two eases treated with sulfadiazine are in this group. We 
have called these 21 eases successful because there was complete cleaving of the 
two-glass urine specimen, and there was complete absence of symptoms and 
urethral discharge, with no recurrence o\cr a subsequent three-week period of 
observation. In the majority of these successful eases the discharge and symp- 
toms usually disappeared on the sixth or seventh day of the treatment, that is, 
on the third or fourth day that the sulfonamides were administered. 

In looking for some causes for failure, the 19 cases that did not respond 
favorably to the combined treatment were compared in certain respects to the 
21 successful cases. 

T\bt.e r 


Showing Relationship Between Time Inifrvai. From Appear \nce of Discharge to 
Institution op Original Sulfonamide Therapy, and the Later Response to Urea* 
Sn.roN \wxnE Treatmkn r 


no. or cases 

DAYS Of' urethral discharge 
BEFORE ANY THERAPY 

therapy with rrxA -sulfonamide 

XU< CESS 1 FAILURE 

.’>] 

Imimnlmte 

i<> 

13 

2 

4 

n ! 



7 

2 

0 

1 

11 

1 

0 

1 

14 

1 

0 

1 

35 

0 

1 

- 

| (10 

1 

1 


There was no apparent relationship between the failure of sulfonamide- 
urea therapy and tlie interval between onset of the urethral discharge and in- 
stitution of the original sulfonamide administration (Table I). Of the total 
group, 31 had had sulfonamide treatment started immediately upon the appear- 
ance of a discharge. Sixteen of these were treated successfully by urea-sulfona- 
mide, 15 failed. Two cases that had gone eleven and fourteen days before any 
therapy was given were both treated successfully with urea-sulfonamide, but 2 
eases that had gone only four days, 1 that had gone thirty-five days, and 1 of 
2 cases that had gone eight weeks without treatment were failures. 

As shown in Table II, the number of previous attacks of gonorrhea seemed 
to make no difference in the end results of urea-sulfonamide therapy. Five 
of the total group had had one previous attack of gonorrhea, 3 had had 2 at- 
tacks. It might be thought that previous attacks of the disease would build 
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degree of success. 8 ’ 8 When used in this way externally, urea is thought to 
increase the solubility of the sulfonamide, to enhance its bacteriostatic action, 
and to prevent the sulfonamide from caking. 

Because of its property to increase sulfonamide solubility, 10 Sobin and his 
associates gave urea internally in an attempt to reduce the toxic effects of the 
sulfonamides on the kidneys. 11 They administered urea by mouth to rats ami 
considered it to be of some benefit in preventing the renal precipitation of 
acetylsulfonamide crystals. No toxic effects were encountered. 

Such studies of the combined use of an anti-inhibitor, as urea, and the 
sulfonamides seem important in attempting to broaden our scope of knowledge 
of the sulfonamide group of drugs. 


MATERIAL AND METHODS 


At the time this study was undertaken, sulfonamide therapy for gonorrhea 
in the Army 12 consisted in the administration of 4.0 Gm. of sulfathiazole or 
sulfadiazine, given in doses of 1.0 Gm. four times daily for five days. The 
majority responded to this treatment. If it. failed, the same course was re- 
peated, or the patient was hospitalized and given 4.0 Gm. of either drug as an 
initial dose, followed by 1.0 Gm. every four hours, day and night, for five days. 
If the discharge still persisted the case was labeled. “sulfa-resistant.” 

Patients were selected for this study who had been sent to the Valley Forge 
General Hospital as being “sulfa-resistant”; their urethral smears were per- 
sistently positive for gonococci. The majority had been given sulfathiazole 
and had had both the above courses of treatment. Several bad had as many 
as five courses. Treatment was withheld for several days after admission to 
be certain there was no lag in response to their pre-admission therapy, and to 
obtain additional data. Besides a careful history and physical examination, 
such studies included complete blood examination, a second- or third-glass 
urine specimen for albumin and red blood cells, fasting blood urea nitrogen, 
and 24-hour urine urea. When all these findings were normal the patient was 
started on urea in the following mixture: 


Urea crystals 
Distilled water 
Simple syrup q.s. ad 


325.0 Gm. 

450.0 c.c. 
1000.0 c.c. 


This mixture was tolerated very well and in the dose of two tablespoons 
three times a day supplied about 30.0 Gm. of urea daily. This treatment alone 
was given for three days. On the morning of the third day another fastm^ 
blood urea nitrogen determination was made and the collection of a sec ° 
24-liour urine for urea content was begun. On the morning of the fourth ay 
urethral smears were examined again to determine whether gonococci were s 
present. The patient was then begun on a sulfonamide, the same drug am 
the same dosage which had failed previously. ^ 

The urea and sulfonamide were continued together on the fourth, fifth, a 11 
sixth days; then the urea was stopped. If there were no complications as s ■ 
by symptoms, blood counts, or urinary findings, the sulfonamide was contmu ^ 
for another three days. The urine was examined daily by the “two-glass es ■ 
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lo rule out any possible benefit twin the bicarbonate. As shown by Fox and 
Rose" ami .Selitiiolkos, 1 "' alkalies nun eiibnnec tile baeteiiostatie action of flic 
sulfonamide. Four patients were gm-n sodium biearbonale alone, 4 others re- 
ceived it with regular doses ot sullatlnasole, and in none was there an effect on 
the gonorrhea. All 12 imtients who laid failed on the larger (double) dose 
schedule of sulfathiazole had been ei\ en 2.0 (Jm. of sodium bicarbonate every 
four hours. From this we eoneluded tliat the alkali we had administered was 
no factor in the successful results obtained with urea-sulfonamide treatment. 

Of the 19 failures in the senes, s responded to anterior urethral instilla- 
tions of silver salts. In this small giuiip we gained the distinct impression that 
these patients responded much more ipnckly lo the silver salts after having 
had the urea-sulfonamide treatment. ie. in four or five days, than had pre- 
viously similar eases which had liven treated with sulfonamides alone. Two 
patients were given fever therapi mill success At about this time small 
amounts of penicillin became available to ns and the other 9 patients responded 
dramatically lo its administration. 

Only 5, or 12.fi per cent, of the 40 patients developed any toxic effects from 
the sulfonamides. In 4 instances these were mild, including headache, drowsi- 
ness, conjunctivitis, and microscopic hematuria. One patient had a severe 
reaction with fever, malaise, and headache after two days of drug treatment 
These patients had all received Mill'alluazole. There were no untoward effects 
from the urea. 

I. IIIOIIATOIIV STI'DIUS 

Before beginning (lie urea-sulfonamide therapy, the fasting blood urea 
nitrogen ranged between 14 and lb mg per 100 e.e. The urine urea content 
averaged 25 to 35 (im. per 24 hours. After the patient had taken urea for 
three days the fasting blood urea nitrogen ranged between lb and 20 mg. per 
100 e.e. and the 24-hour urine contained between 30 and 40 Om. of urea. 

In our laboratory, when patients are treated with sulfathiazole with the 
army dosage as outlined, the blood level of drug averages between 4 and 7 mg. 
per 100 c.c. With the uron-sulfonamidc treatment, using the same dose of 
sulfathiazole, the blood levels of drug ranged heliveen 4 and 8 mg. per 100 c.c. 

In 14 of the 21 successfully treated eases cultures of urethral strippings 
wore made at weekly intervals for three weeks. All were negative. In any 
of the failures in which cultures were made, gonococci persisted. 

Laboratory confirmation of this clinical experiment was sought. Using 
the technique of Cloodalc and his associates, “ cultures of gonococci from these 
resistant eases were made on chocolate agar. In addition to a control, chocolate 
agar plates were used containing 0.1 mg., 0.25 mg., and 0.50 mg. per cent 
sulfathiazole. Other chocolate agar plates containing 0.5 per cent, 1.0 per 
cent, and 2.0 per cent urea were implanted with the same strain of organism. 
A third set of chocolate agar plates containing both chemicals in combinations 
of the above .strength were also implanted. The results are shown in Figs. 1 
and 2. 

In Fi". 1 it will he noted that gonococci grew out in significant numbers 
in all strengths of sulfathiazole alone and urea alone. In these cultures wc 
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did not observe the urea-inhibiting effect described by Kirby. 17 Kirby has re- 
ported that 2.0 per cent urea, and often as little as 0.2 per cent strength, 
definitely inhibits the growth of cultures of B. eoli. In all our cultures the 
gonococci grew readily on the agar-urea plates, occasionally even better Ilian 
on the control plate. From the 5 patients treated with urea alone for a- week, 
and the lack of any effect of three days of urea in our 40 patients, we feel that 




V' 


u - 1.0 


U-2.0 


FiK 1.— Sulfonamide-resistant gonococci on chocolate agar, chocolate agar with sulfa thiazol 
and with urea. S = Sulfathiazole. U = Urea. 
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uvea alone in the doses used lias no bacteriostatic or bacteriolytic effect on 
gonococci in vitro or in vivo. 

Of interest in Fig. 2 is a definite tendency to diminished growth of gono- 
cocci in increasing strengths of combined urea and sulfathiazole when compared 
to the same strengths of either substance alone The three strengths of sulfa- 
thiazolc with 2.0 per cent urea showed no urowth. This gives the appearance ol‘ 
a potentiating effect. 




Fig. 2 — Sulfonamide-resistant gonococci 
thiazolc and urea. 


chocolate agar with \ 
sr Sulfathiazole. 


arious concentrations of sulfa- 
= Urea. 
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Grant 0. Favorite, M.D., Phii m>h nm. , I.kodoi.h Riiinkr, M.D., 
Camden, N. ,1., and Rensei j I.um'ov Ml) Philadelphia. Pa. 

T IIE general use of the various mcmhcis of t he sulfonamide drugs has been 
followed by reports of toxic manjiiMations involving the blood and blood- 
forming organs. Acute agranulocytosis has been oliserved in patients to whom 
sulfanilamide, *■ 4 sulfapyridme,’ 4 4 suit at hiazole, '■ ' sulfadiazine, 4 and suceinvl- 
sulfatliinzole were administered. ’■ The billowing ease report adds sulfamerazine 
to this list. 

RFl’DItl oi PISE 

S. M., a white male, 51 years of age. was hospitalized because of a neck in- 
jury. On admission, m addition to his injury, he had an acute pharyngitis 
with a fever of 104.1° F„ pulse t'iu. and lespiration 22 His past history was 
irrelevant. Examination revealed a pnnrl? nourished individual. All motions 
of the neck were restricted by muscle spasm. The pharynx was injected and 
ruddy in appearance. Diffuse coarse rales were heard over the tracheal area. 
The blood pressure was 128 systolic and 78 diastolic. The remainder of the 
physical examination was negative. Examination of the blood showed the 
hemoglobin to be 16 Gm. per 100 ce. of blood, red Wood cell count 4,750,000 
per c.mm., and the white blood cell count 8,800 per c.mm. Differential showed 
76 per cent polymorphomiclears. 22 per cent lymphocytes, and 2 per cent mono- 
cytes. The urinalysis was essentially negative. 

The patient was given 0.5 Gm. of sulfamerazine twice during the first day 
and three times daily thereafter for fourteen days. The temperature returned 
to normal within twenty-four hours, and his general condition appeared normal. 
Because of the neck injury, a "Queen Anne" plaster cast collar was applied. 
The following twelve days were uneventful. On the fifteenth day after admis- 
sion, the patient developed a tracheobronchitis and the dose of sulfamerazine 
was increased to 1 Gm. three times daily. No other drugs were administered. 
Symptoms subsided materially after two days, but the temperature fluctuated 
between normal and 101° F. for the following six days. A blood count at this 
time revealed hemoglobin, 14 Gm.; red blood cells, 4,350,000; white Wood cells, 
3,000; polymorphomiclears, 7; and lymphocytes, 93. Because of neutropenia, 
the drug was discontinued. Fortj'-two grams were administered during the 
23 days. 

On the following day the patient’s general condition became worse. Res- 
pirations were faster. The appearance of a cough, with blood-tinged sputum 
on one occasion, indicated that there had been an exacerbation of the tracheo- 
bronchitis. A roentgenogram of the lungs on this day showed an intensification 

From the West Jersey Hospital, Ca union, N. J 
Hocelvi d for publication. May 17, 1344 
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ISOLATION OP BACTERIUM TULARKNSB FROM T HK SPUTUM OF 
AN ATYPICAL (’ASIC op HUMAN TULAREMIA 

Uar \ld N ,|ou\'m»\, M {)., Montoomerv, Ala. 


T HE early diagnosis of tiphimhd or pneumuuie tularemia depends on the 
isolation of Bacterium tvlannuj A positive blood culture can be obtained, 
in some cases, by the use of special media such as blood dextrose cystine agar, 
but bactcriemia has not been d< j m«nstiated with regularity except in the 
terminal Mage of fatal eases There base been few attempts to isolate the 
organism from the secretions of the lespiiatorv tract, chiefly, no doubt, because 
of the paucity of sputum and 1 «h*U of clinical signs of respiratory infection. 
In the course of an experimental strnh of tularemia m dogs it was noted that 
B. iularcnsc exhibited si particular affinity for the mucosa of the upper respira- 
tory tract and in some instances persisted m the nasopharynx after clinical 
recovery. 2 Isolation of the organism was accomplished by mouse inoculation 
and subsequent culture on blood dextrose cystine agar 

A study was therefore made to see whether B. tutarense exhibited a similar 
predilection for the respiratory ti not m human infections. 

r,\si: history 

S. h, a tuehe*y«n~old white sthoulfctil, wa* admitted to the Maxwell Field Post 
llcwpitsd on May 0, 3943, because ot pvtM»tcnt fevet of unknown etiology. The piesenting 
symptoms were fever and sore throat She g.i\o tv liinorj of having had fever since April 
2*1, 1943. A local physician had pi escribed ijnmme, but tho giil had derived no benefit 
from the drug. Her oral temperature had ranged from tod® to 103.4® F. She did not 
look sieli. Results of physical were essentially negative, except that a slight 

enlargement of the spleen was detected There was evidence of subacute inflammation of 
tho pharynx, but tins did not appear significant A chest x-ray examination gate negative 
results. Agglutination tests were run tut undulent fever, typhoid, typhus, and tularemia. 
Tho blood serum agglutinated R. lularmv antigen through a dilution of 1:320. The other 
agglutination test3 were negative. 

A review of the girl's hmtory revealed that some children in the neighborhood bail 
found a litter of young wild rabbits on April IS, 1943, and that tho girl had played with 
these rabbits. She had tried to keep the rabbits nbve by artificial feeding, but all of them 
died. 

The girl was discharged from the hospital on May 1G, 1943. She was kept from having 
contact with other children but otherwise was allowed ordinary activity. Her tenipemture 
was normal except for occasional slight fever in the late afternoon. 


METHOD OF STUDY 


Owing to the presence of tin inflammatory process in the pharynx and the 
lack of other localizing signs it appeared probable that the throat was the site 
of the primary lesion. In order to find out whether the patient was still 
harboring B, iuhtrcnsc. and might be a potential source of infection to others, 
au attempt was made to isolate the organism. The first specimen studied con- 
sisted of material obtained from a throat swab taken on May 11, the seventeenth 


The studies and observation? herein reported were conducted with the support amt un- 
der the auspices of the International Health lhvision or The Rockefeller Foundation and ih«* 
Alabama State Board of Health. 

Received for publication, April 7, 1944. 
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day of illness. This was immersed in 4 c.c. of veal infusion broth and sent to 
1 ho laboratory of the Alabama State Board ot Health, where 0.5 c.c. of the 
broth suspension was injected intraperitoneally ini o each of two white mice. 
The mice were prostrate on the fourth day, and, when killed, showed typical 
lesions of tularemia in the liver and spleen. A pure culture of B. tuJarcnsc 
was obtained on blood dextrose cystine agar (Difco) from the mouse spleen, and 
t lie organism was agglutinated out to full titer with a known positive scrum. 

As the first specimen proved positive, another specimen was requested. 
This was obtained on May 19, the twenty -fifth day of illness. It. consisted of 
a small amount of sputum which looked like normal saliva. This sputum was 
diluted with an equal amount of distilled water and four mice were injected 
intraperitoneally, each receiving 0.5 e.c. of the suspension. All of the inoculated 
mice developed tularemia. 

A third suspension of sputum was obtained on May 24, the thirtieth day 
of illness. Pour mice were inoculated intraperitoneally with this material as 
noted above. Again all four mice developed tularemia. A pure culture was 
obtained on blood cystine agar from mouse spleen, and the identity of the 
organism was proved by its agglutination to full titer with a known immune 
serum. 

Sputum obtained on May 29th, the thirty-fifth day of illness, was negative 
by mouse inoculation, as was also the material obtained from a throat swab 
taken on June 6. On June 24 we received some scrapings from a yellow mem- 
braneous lesion on the girl ’s right anterior pharyngeal • pillar. The scrapings 
were placed in broth immediately after they were obtained. The material was 
triturated and injected intraperitoneally into mice and guinea pigs, but these 
animals remained well. 


EPIDEMIOLOGICAL STUDIES 

It was found that nine of the girl’s playmates bad also handled the 
young rabbits. Blood specimens were taken from these children on June 24. 
Agglutination tests performed on the sera were all negative. The blood sera 
of three dogs from a near-by farm were also tested. One of these dogs gave ■ 
positive agglutination with B. tularcnsc antigen in a serum dilution of I SO- 


OBSERVATIONS AND DISCUSSION 

It is obvious that the diagnosis of tularemia would not have been made m 
this case if agglutination tests had not been performed. The illness would ha' c 
been classed as fever of undetermined origin. The history of contact 

° i fpjjp 

rabbits was not elicited until the correct diagnosis had been made, 
patient had no primary lesion on either hand, nor was there axillary adenopa t • 
This suggests that infection took place by way of the mouth or nasophmM* 
Cases similar to this one have been reported by Anschuetz 3 and AVaddc a 
Birdsong. 4 j 

It is possible that, tularemia could he spread from person to peison ^ 
inhalation of infected droplets resulting from coughing or sneezing. -4 
tularemia shows little ability to pass from person to person, should it 
achieve this, an alteration of tropism might lead to greater infcctiousness^ 
this route. Kennedy 5 reported a fatal ease of pulmonary tularemia m a . 
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girl with no history of contact with rabbits or exposure to ticks. There are 
numerous records of cases of tularemic pneumonia without any evident portal 
of entry. Blackford® recommends testing the sera of all persons with unusual 
pulmonary lesions for It. tiilmnm iigglutimns, since several unsuspected eases 
of tularemia hare been discovered by him in this way. 

The diagnosis of tularemia must he considered in cases of cryptogenic fever 
and atypical pneumonia. Aggl'ti'iimx do not develop in the blood serum until 
the second or third week of the disease, the early diagnosis of tularemia, there- 
fore, depends on the isloation of tile infecting organism from the blood, from 
the primary lesion if present, or irom the sputum in eases of tularemic pharyn- 
gitis and pneumonia. The only satisfactory method at present for proving the 
existence of the organism in the sputum or nasopharynx is animal inoculation. 
The mouse appears to he a particularly suitable animal for this purpose. As 
the sputum is apt to he scanty m eases of tularemic pharyngitis and pneumonia, 
it will usually be best to collect .xpivitiwis with a swab. Swabs of both the 
nasopharynx and throat should lie taken, and these should be immersed in a 
small amount of distilled water or veal infusion broth. The suspension of the 
material from the swab may then he inoculated intraperitoneali.v into mice or 
guinea pigs. 

S CM MARY 


This report describes the isolation of B. tularensc from the sputum of a 
child with a nonfatal case of tularemia The patient was a twelve-year-old 
girl, who was admitted to the hospital because of unexplained fever. B. tula- 
re use was isolated by mouse inoculation on tln.ee occasions from tiie seventeenth 
to the thirtieth day after the onset of the disease. The identity of the organism 
was proved by culture and cross agglutination tests with known strains of 
B. tularensc. The last two isolations were made after the patient was discharged 
from the hospital and had resumed normal activity. 

The persistence of B. hilnrcnsi in the respiratory tract indicates that 
there is a potential danger of contact infection. The white mouse is recom- 
mended as a suitable laboratory animal for diagnostic inoculation studies in 
suspected eases of tularemia. 

The author wishes to express his appreciAtion to Colonel Jacob Brem, Jt.C , Maxwell 
Field Post Hospital, Montgomery, Alabama, for making available the specimens used in this 
study. 
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NATURAL OCCURRENCE OP TULAREMIA IN DOGS USED AS A 
SOURCE OF CANINE DISTEMPER VIRUS 


Hakald N. Johnson, M.D., Montgomery, Ala. 


T HE use of a live virus vaccine for the immunization of animals requires 
especial care in order to avoid spreading other diseases accidentally derived 
from the animals used as a source of virus. Dogs may be naturally infected 
with the virus of lymphocytic choriomeningitis,* and this disease may he main- 
tained as an inapparent infection in the course of serial passage of canine dis- 
temper virus. 1 The following report describes the isolation of Bacterium Ma- 
rcus e from dog spleen tissue used for the production of canine distemper vaccine. 

There are accounts, on record, of dogs having developed tularemia in na- 
ture. 2 ’ 3 Tiie diagnosis has depended on the development of an acute illness 
following contact with wild rabbits and the subsequent demonstration of a 
high serum agglutination titer for B. tularcnse. The natural susceptibility of 
the dog to tularemia has been questioned, because the causative organism has 
not been isolated from the blood or tissue of a naturally infected dog and 
properly identified. Tularemia infectious have been reported in man following 
the bite or scratch of cats. 4 The study of tularemia and its course in experi- 
mentally infected dogs, cats, and other' animals has revealed some information 
which may he of value; the pertinent findings are presented herewith. 


MATERIALS AND METHODS 

In the course of a study of canine rabies it has been necessary to protect 
the experimental animals from intercurrent infections, notably canine distempei. 
The usual procedure has been to give one subcutaneous injection of a formalin 
inactivated dog spleen tissue vaccine, followed four to six weeks later by a!I 
injection of active distemper virus. 

Tiie specimen from which B. tular&nse was obtained consisted of a poo 1 0 
spleen tissue from twenty-five puppies that were killed at the time of maximum 
febrile response following a simultaneous natural and experimental exposure 
canine distemper at a commercial biological laboratory. The puppies were from 
farms and villages in an area where tularemia is endemic among wild rabbi s. 
Each puppy was given a subcutaneous injection of 1 e.c. of a 20 per cent suspen- 
sion of spleen tissue from a previous passage of tire canine distemper virus. 
The puppies were then kept in a distemper kennel where there was a big 1 
likelihood of super-imposed natural exposure. A normal ferret was given a sU 
cutaneous injection of 1 e.c. of a 20 per cent suspension of the dog spleen p° 
noted above and was sent to this laboratory by Railway Express. The amm^ 
was received the following day. - An initial febrile reaction developed on 


second day after inoculation, and for a period of forty-eight hours 


s the 


temperature varied from 102.3° to 104.7° F. By 


r the seventh day the tern P cia 


the suPP?* Si 


The studies and observations herein reported were conducted with the s P . 0B »n<l 
under the auspices ot the International Health Division of Tiie Rockefeller loan 
the Alabama State Board of Health. 
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‘Lymphocytic choriomeningitis virus has been isolated from commercial canine 
virus specimens at this laboratory. 
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tui'c was normal. There was ,i vt-iond febrile period beginning on the eighth 
day, reaching a maximum on tin- rh-wnth day. when a rectal temperature of 
10/.9 0 F. was recorded The t«i*n*t was by this time obviously sick, refusing 
food and exhibiting a mneopurnh n\ lacrimal and nasal discharge. The ferret 
was killed on the thirteenth da\ al'tei inoculation. Tissue was taken for his- 
tological study, and the entire spleen was saved as a source of virus. 

The course of infection was tvpieal of that produced by canine distemper 
in ferrets except for the oeeun ene<* <»t <> small abscess at the site of inoculation. 
At the time of autopsy a smear was made iiom the contents of the abscess and 
stained by Oram's method No hntten.i could be identified. The gross post- 
mortem examination was negative .‘x»vpf for moderate enlargement of the liver 
and spleen. The lungs appeared normal Paraffin sections were prepared from 
tissue fixed in acetic Zenker’s solution and stained with eosm-methylene blue 
according to the method of Zhilkin, bin modified in this laboratory to secure 
better staining of the mfraevtopj.isiuie inclusion bodies of rabies and canine 
distemper. Ethyl cosin (alcohol \oiuhh* t adjusted to a pll of 4.5 with acetic 
acid was used for the priman stain, lollowed by Tama's alkaline methylene 
blue stain. There were intraev toplasmm inclusion bodies in the epithelial cells 
of the bile ducts and in tin* imdulbtn cells of the adrenal glands consistent 
with those ordinarily found m canine distemper. Sections of the liver, however, 
presented an unusual picture due to the presence of miliary foci of coagulative 
necrosis. We were unable to demonstrate bacteria m paraffin sections of the 
liver stained by the earbolfuchsm-inetbylene blue technique for acid-fast or- 
ganisms or by Gram’s method for bacteria. 

A portion of the spleen from tlu ferret was trituiated in a mortar and 
diluted to a 10 per cent suspension m distilled water. The suspension was 
centrifuged, and four mice inoculated in trace vel molly with the supernote. Wc 
have followed this procedure routinely at the laboratory in order to avoid 
introducing lymphocytic choriomeningitis into our dog kennels. On the third 
day after injection all four of the inoculated mice were sick. They exhibited 
a mucopurulent lacrimal discharge, their backs were humped, and their furs were 
ruffled. Two were killed seventy-two hours after inoculation, and the other 
two died the next day. Smears and impressions of the brain tissue showed an 
acute meningoencephalitis, with a scanty cellular exudate in the meninges. No 
bacteria could be identified in preparations stained by Gram’s method. Cultures 
made on blood agar and in veal infusion broth, enriched by the addition of 
whole rabbit blood to 10 per cent, were negative. Preliminary studies showed 
that the agent was infectious for mice by intranasal, subcutaneous, and intra- 
peritoncai inoculation. I guinea pigs, rabbits, hamsters, and baby chicks 
were all highly susceptible, and a uniformly fatal infection resulted within 
three to five days after intracerebral inoculation. A variety of bacteriological 
media were used in an attempt to cultivate the infections agent, including blood 
dextrose cystine agar. No growth was obtained, and therefore the agent was 
thought to belong to the virus group of diseases. A rather extended study was 
made before the infectious agent was proved to be 1$. tufarensc. 

The inoculum for testing the susceptibility of the various species studied 
was prepared as follows: infected tissue was weighed, ground in a mortar with 
crystalline alundum, and diluted to a 10 per cent suspension by weight with ... 
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distilled water. This suspension was centrifuged for ten minutes at 2,500 r.p.m., 
and the supernate was saved as a source of the infectious agent. In the titration 
studies, serial decimal dilutions of the stock 10 per cent supernate were made 
by serially transferring 1 c.c. to 9 c.c. of distilled water. For the neutralization 
tests a pretitrated stock suspension kept at -70° C. was thawed, and serial 
decimal dilutions were prepared in distilled water containing 10 per cent human 
serum. The dilutions were so planned that they contained 1, 10, 100, and 1,000 
50 per cent MLD’s per 0.03 c.c. when diluted with an equal volume of test 
serum. This mixture was incubated at 37° C. 'for one hour and then injected 
intracerebrally into mice. 

The agglutination tests were performed according to the method recom- 
mended by the National Institute of Health. The end point was taken as the 
highest dilution of serum giving a 4+ agglutination reaction. 


IDENTIFICATION STUDIES 

We soon learned that the agent was not related to canine distemper. Dogs 
and ferrets immune to canine distemper were fully susceptible to infection. 
Sera known to lie fully active in neutralizing the viruses of lymphocytic chorio- 
meningitis, mouse pneumonia, meningopneumonitis, human influenza, canine 
distemper, and equine encephalomyelitis were tested by Dr. Frank L. Horsfall, 
J v. for their power to neutralize the agent in vitro. In no instance was there any 
evidence of neutralization. We were also unable to demonstrate any evidence 
of neutralizing substance in the sera of vaccinated dogs and rabbits previously 
tested and found immune. 

It was noted that tiny coccoid bodies could be demonstrated in large num- 
bers in the spleens of infected mice in impressions stained with Giemsa’s stain. 
These bodies were basically intracellular but were also present in large numbers 
outside of cells, evidently as the result of disintegration of parasitized cells. 
They could not be demonstrated with certainty in impressions stained by Gram s 
method. Impressions of the brain of intracerebrally inoculated mice stained by 
Giemsa’s method showed occasional parasitized cells. The bodies were more 
numerous in impressions of liver tissue but not as abundant as in the spleen. 
The bodies appeared blue in preparations stained with the Macchiavello stain. 

The first proof of the identity of the agent isolated from the dog spleen 
material was obtained when the blood of dogs convalescent from infection pro- 
duced by intramuscular inoculation was tested for agglutinins to B. tularensc. 
The blood of three dogs tested three months after inoculation had titers of 1 > 

1 :S0, and 1 :2560 respectively with B. Utlarensc antigen, and no agglutination 
was obtained with control bloods from normal dogs. 

Cultures were again made on blood dextrose cystine agar. Inoculations 
were made with loopfuls of spleen material from infected mice. These veie 
again negative. No growth was obtained in veal infusion broth enriched u'i 1 
10 per cent whole rabbit blood, in Brewer’s liquid media containing sodium 
thioglycolate and methylene blue, 5 or on blood agar plates. The Brewer s me m 
with whole rabbit blood added to a concentration of 10 per cent was also use 
with negative results. Cultures were tested for infeetivity by mouse inoculation 
after seven to ten days’ incubation, but this material failed to reproduce iC 
disease. A batch of blood dextrose cystine agar was then prepared from e 
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hydrated media (Difeo) as iveunsmeeded py Ransmciev.® We readily obtained 
growth of n gram of negative roreiibncilluu on tins media. The colonics had 
tlie typical characteristics of It tulannu. and the identity of the organism was 
determined by animal inoculation and agglutination by a known positive serum. 

Though tiic blood dextrose cystine agar originally used was unsatisfactory 
for isolating the organism from nitrated tissue, it w as adeipiate for maintaining 
ail established avirulent Uibor.itoiy strain of B. tuUirrnar. 

A culture of the organism isolated at this laboratory was sent to Dr. Edward 
Francis of the National Institute of Health v, ho reported that the organism bad 
the typical morphology and animal pill liosenic ity of B. (tdnrcnsc. It was ag- 
glutinated out to full titer with a known uiititiilavense serum. 

Tmnniii ix docs 

Dogs have been inoculated intr.nleinially. subcutaneously, intramuscularly, 
inlranasally, and intraeerebr.ilh with suspensions of infected tissue. A few 
animals were exposed by feeding tissue infected with Ji tiilarcnsc. In all in- 
stances the animals exhibited cudenra of a svstcmic infection. The incubation 
period and course of the dise.iv> varied with the type of exposure. 

Intradermal Inoculation — Two d-niontli-old dogs were given 01 c.c. of a 
10 per cent suspension of infected mouse brain into the skin of the upper lip on 
each side of the nose. Both developed fever forty-eight hours after inoculation. 
The cervical lymph nodes heroine enlarged on the third and fourth days, coin- 
ciding with the development of pustules at the site of injection. One of these 
dogs was killed twenty-eight days aftci exposure, and mice wore injected intra- 
peritoncally with a suspension of tissm- from the inoculation site and regional 
lymph nodes. The mice all developed tularemia. Blood taken from this dog 
on the twenty-eighth day agglutinated I> lularenxe antigen in a scrum dilution 
of 1 :S0. The other dog was bleel three months after exposure and had a blood 
serum agglutination titer of 1 :20 with B. iularensc antigen. 

Subcutaneous Inoculation —Seven mature dogs were injected subcutane- 
ously with 0 25 c.c. of n 10 per cent suspension of infected mouse brain. All 
developed fever within forty-eight hours. The rectal temperature rose from a 
normal level of 100-102° F. to 103-105° The animals also developed a watery 
lacrimal and nasal discharge. The temperature returned to normal from the 
third to fifth day A local area of induration developed at the site of injection 
on the seeo 'd to fourth day, and progressed to abscess formation. These ab- 
scesses opened spontaneously discharging a serosanguineotts fluid. From the 
seventh to fifteenth day, vesieulopapnlar skin lesions appeared in the axillary 
aud inguinal regions and over the abdomen. The dogs developed a secondary 
febrile period on the seventh to eighth days which lasted two to three days. 
At tills time they showed a mucopurulent lacrimal and nasal discharge. They 
were by this time obviously ill. Two of the dogs had fever on occasions as late 
as twenty days after inoculation, but all recovered. 

Puppies were found to be more susceptible than older dogs. Four 3-month- 
old puppies were given a subcutaneous injection of 0.25 c.c. of a 10 per cent 
suspension of infected mouse brain- All four of them developed high fever. 
One of them died on the eleventh day and another on the twelfth day. Autop- 
sies showed focal necrosis of the liver and spleen mid extensive pneumonia. 
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The infecting organism ivas recovered from the pneumonic lung in both in- 
stances by mouse inoculation. A total of twelve puppies, approximately three 
months of age, were infected by subcutaneous inoculation. They all developed 
a severe illness, and three died of the infection. The puppies had higher and 
more protracted fever than older dogs. 

Intramuscular Inoculation. — Four dogs, nine to thirty-three months of 
age, were injected intramuscularly with 0.5 c.c. of a 10 per cent suspension of 
infected mouse spleen. They ran a course similar to those inoculated sub- 
cutaneously, hut the illness was more severe and protracted. One of the dogs 
had a serum agglutination titer of 1 :2560 with B. tularense antigen when bled 
two months after injection. At five months the titer was 1:1280, and at ten 
months it was 1 :320. When bled at two months, the other dogs had titers of 
1 :40 and 1 :80. 


Intranasal Inoculation.- — Six dogs, twelve to twenty-four months old, were 
inoculated intranasallv with 0.25 c.c. to 0.5 c.e. of a 10 per cent suspension of 
infected mouse brain. These dogs developed fever three to four days after 
exposure. One 12-month-old dog bad a rectal temperature of 107.5° on the 
twelfth day, and another of the same age had a temperature of 106° F. on 
the tenth day. Both of these dogs were killed on the sixteenth day. Autopsies 
showed focal necrosis of the liver and enlargement of the spleen. The uppe>' 
respiratory passages were congested and covered with a mucopurulent exudate. 
There were a few small areas of early pneumonia. The other dogs recovered. 
One of the clogs was bled one mouth after exposure. The blood serum had a 
titer of 1 :160 Avith B. tularense antigen. Two of the dogs Avere bled six months 
after exposure. One had a positive agglutination reaction in a dilution of 
1:20, while the other Avas entirely negative. 


Tavo additional dogs Avere inoculated intranasally Avith 0.25 c.c. of a 1" 
per cent suspension of infected mouse brain. Both developed fever, enlarged 
cervical lymph nodes, and watery lacrimal and nasal discharge three to f° iu 
days after exposure. On the eighth to tenth day the discharge from the eyes 
and nose became mucopurulent. Beginning on the fifth day, specimens of liasa 
secretion Avere taken by introducing cotton swabs into the nasopharynx. The 
cotton SAvabs Avere then immersed and rotated in 2 c.e. of distilled water, Foin 
mice Avere given an intraperitoneal injection of 0.25 c.c. of this suspension- 
Similar specimens Avere taken at intervals until turn negative results Avere oi 
tained. The nasal secretion from both dogs Avas positive for B. tularense >. 
mouse inoculation on the fifth day. Positive specimens Avere obtained from one 
dog through the tAventy -fifth day and from the other through the twelfth a -'‘ 
These dogs were twelve and twenty-four months old respectively. The o 
dog carried the organism for the longer period, and appeared normal for C1 
days preceding the last instance of recovery of the organism. This dog, one 
month after inoculation, had a serum agglutination titer of 1:160 A\ith 
tularense antigen. 

Intracerebral Inoculation. — Four dogs were injected intracerebrall} " 1 
0.25 c.c. of a 10 per cent suspension of infected mouse brain. All deAeop 
high fever tAventy -four hours after injection. Tavo died on the seconc 33 
The other two were dead by the fourth day. 
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Feeding Infected Tissue — One N-nwmth-oId deg was fed three mice in- 
fected with tularemia. The dm; sick forty-eight hours later. The tem- 

perature rose to 104.4° and tin* r\<-. .jud nose showed a mucopurulent discharge. 
The animal was obviously jii Am i an acute illness of five days it gradually 
improved. Blood was taken d.iib i<«r mouse inoculation and for culture on 
blood dextrose cystine agar Wt i.iiJrd f» isolate U. tula reuse from the blood. 
A few specimens of the nasal ‘•ccietu.n urn* taken by the nasopharyngeal swab 
method, li. tularcn&c was isolind m>m tin* nasopharynx as late as the eight- 
ceth day after the dog had r«i!ui tin* minted mice. The isolation was checked 
by agglutination tests. Blood taken on the tenth day after exposure gave a 
4-*- agglutination reaction with H *«/»»•» n./ antigen m a dilution of 1:80. The 
titer rose to 1:640 cm the fi1t»'i*nth d.i' Bv the end ot three months the titer 
had dropped to 1:80. Two nuiin.il <1* u** kept m the .same pen with this dog 
failed to develop fever or ofh«*i *\m»*m*' <>i infect ton Xeifher of these dogs 
developed agglutinins to B. Mfcmnw 

Pathology. — The dogs that *h« »1 /»i w« »<* killed during the secondary febrile 
period all showed smalt areas «.l local mciosis in the hver and enlargement of 
the spleen. In several instance tin spleen also showed pin-point size areas of 
focal necrosis. There was enlann mt-ni ot the lymph nodes related to the site 
of exposure, and these also contain* d ,n »■,!•> ot fora! necrosis The lungs showed 
slight to extensive pneumonia Paraffin sections of pneumonic lung stained by 
the Wolbaeh modification ot ({wind’s stain revealed enormous numbers of bac- 
teria consistent in appearance with B *ul»mv>c Some alveoli were completely 
filled with tiny coceoul organisms Sm.dl dumps of bacteria were also found in 
the sinusoids of the liver Tins exj hms the omirrence of areas of focal 
necrosis in ail parts of the liwi lobule Bacteria could not be demonstrated 
in the areas of focal necrosis These ion presented a coagulative type of 
necrosis with general loss of <•<>!! detail. 

Despite the rapid and fatal cmiise iollowmg intracerebral inoculation, there 
was no gross evidence of meningitis other than marked vasoeongestion. It was 
usually difficult to find the site of injection. Microscopic examination revealed 
a scanty inflammatory exudate m the meninges composed primarily of poly- 
morphonuclear cells. There was no deposition of fibrin. 

Tissue Infcctivity. — Various tissues taken from dogs that died or were 
killed during the second febrile period were tested for infcctivity by mouse 
inoculation. The infecting organism was recovered from the mo dilation site, 
regional lymph nodes, and spleen. The liver was not tested because it was 
obvious from the gross appearance that it would be positive. The suhmaxiliarv 
gland did not prove infectious by mouse inoculation. 

TIXARnuI.V IN' CATS 

Subcutaneous Inoculation —Two young cats were inoculated subcutaneously 
with 1 t'.c. of a 10 per cent .suspension of the ferret spleen material They de- 
veloped fever of 104.6° to 106 6° F. forty-eight hours after inoculation. Fever 
subsided in from forty -eight to seventy -two hours, but the animals appeared sick 
for two weeks after injection. When reinoculated one month later they exhibited 
no fever or symptoms of infection. Two young cats were given a subcutaneous 
injection of 0.25 c.c. of a 10 pel* cent suspension of infected mouse brain and 
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were killed on the fourteenth day after inoculation. There were several lobular 
areas of pneumonia, and the infecting agent was recovered from the lung tissue 
by mouse inoculation. 

Intranasal Inoculation. — Two young cats given 0.1 e.c. of a 10 per cent 
suspension of infected mouse brain intranasally were killed on the fourteenth 
da j' after infection. These also had lobular areas of pneumonia, and the in- 
fecting agent was recovered from the lung tissue by mouse inoculation. The 
eats killed on the fourteenth day after inoculation all showed focal necrosis of 
the liver and enlargement of the spleen. 

Intracerebral Inoculation. — -Two adult cats were given 0.1 c.c. of a 10 per 
cent suspension of infected mouse brain by intracerebral inoculation. Both de- 
veloped high fever and incoordination twenty-four to forty-eight hours after 
injection. One died on the eighth day but the other recovered. The cat that 
recovered was very sick for a period of five days. It was hardly able to get 
up, a mucopurulent secretion exuded from the eyes and nose, and it appeared 
apathetic and sleepj'. 


TULAREMIA IN MICE 

Brain tissue from mice infected by intracerebral inoculation was used as 
a source of the infecting agent for most of the susceptibility experiments, al- 
though the spleen contained a somewhat higher concentration of organisms 
per gram of tissue. Titrations of infected brain gave a titer of at least 0.03 
c.c. times 10' 8 when inoculated either intracerebrally or intranasally. Infected 
lung tissue had an equally high titer. Owing to the high infectivity by intra- 
nasal inoculation, it seemed probable that the disease could be transmitted m 
mice by contact infection. But when on two occasions groups of normal mice 
were put into the cage with inoculated mice, the normal mice did not develop 
the disease; yet all of them were found to be fully susceptible when subse- 
quently tested. An intranasal passage study was initiated from the ferret 
spleen material. The mice consistently developed extensive pneumonia. An- 
other intranasal passage study was derived from a strain that had been through 
fifteen intracerebral passages. This strain failed to produce significant pul- 
monary lesions even after ten serial passages by intranasal inoculation. Despite 
the absence of appreciable pulmonary lesions, a fatal infection ensued withm 
four days after inoculation. In both passage studies the lung tissue used for 
the inoculum was taken from mice killed seventy-two hours after injection. 
Alice were also tested for their susceptibility to infection through the skin. ^ c 
were unable to infect the mice when a swab of cotton dipped in a 10 per cent 
suspension of infected tissue was rubbed on the skin; however, if a light needle 
scratch preceded the application, the mice often developed tularemia. Alice 
infected by various methods of inoculation consistently developed a B. tularcnse 
bacteremia. 


TULAREMIA IN BABY CHICKS 

Twelve 1-day-old Rhode Island Red chicks were injected intraccrebralh 
with 0.03 c.c. of a 10 per cent suspension of the ferret spleen material. Two 
were prostrate on the third day. All were dead by the seventh day after inocu- 
lation. Groups of six chicks were inoculated with serial tenfold dilutions o 
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infected chick brain made up in distilled water. All of the chicks inoculated 
with tile 10 * dilution were dead by the fifth day, and 2 of the 6-chick groups' 
inoculated with the 1 0 ' dilution de\eloped tularemia. 

TULAREMIA iv OTHER LABORATORY ANIMALS 

Guinea pigs inoculated intracerehrally or intraperitoneall.v with suspen- 
sions of infected tissue were usually dead within four days. Normal guinea 
pigs failed to contract infection by contact with experimentally infected guinea 
pigs. Hamsters inoculated intracerehrally or intraperitoncally usually died on 
the third day after injection. Rabl.itx showed the same incubation period as 
guinea pigs and died regularly nit Jim four days after intracerebral or intra- 
peritoncal inoculation. Ferrets inoi ulated intranasally with a 10 per cent 
suspension of infected mouse lime tissue developed fever in about twenty-four 
hours, and were usually prostrate on the sixth day after injection. 

cultivation or u tilvrense in tissue culture 

Bacterium tularcnsc multiplied readily in a medium of minced 9-day-old 
chick embryo tissue and scrum Tvro.lv solution. Transfers were made after 
three to four days’ incubation The oraanism remained highly virulent for mice 
through thirty-one serial subcultures. 

BrFECT or PHYSICAL INI) CIIEMU'tL AGENTS ON BACTERIUM TULARENSE 

In the course of the tissue-culture experiments we occasionally inoculated 
flasks containing 4 c.e. of human serum Tyrodo solution to see whether the or- 
ganism would remain alive without the presence of chick embryo tissue. Ma- 
terial from these flasks did not prove infectious for mice after four days’ incu- 
bation at 37° C. 

Infected brain stored frozen at -25° C. retained its infectivity for several 
months as did also 10 per cent suspensions of infected tissue when they were 
tubed, sealed, and stored at -70° (' Repeated freezing and thawing of suspen- 
sions of infected tissue rendered the material avirulent. 

Since dogs developed a fatal infection following intracerebral inoculation, 
we tested the effect of sulfadiazine in preventing a fatal outcome. Four dogs 
inoculated intracerehrally with 05 c.e. of a 1:1000 dilution of infected mouse 
brain were given 3 Gin. of sulfadiazine on the day of inoculation and then 1,5 
Gm. daily. In this dosage the drug failed to show any inhibitory effect on 
the course of the disease. Four control dogs were tested in parallel with the 
treated dogs. 

Various dilutions of infected tissue were passed through filters designed 
to withhold bacteria. The Seitz serum sterilizing filter pad was impervious 
to the organism. The infecting agent passed through the Berkefeld V grade 
filter quite readily, hut was withheld by the Berkefeld N and AV filters. 

DISCUSSION 

In view of the possible contamination of canine-distemper-virus material 
with viruses or bacteria not revealed by ordinary sterility tests, such products 
should not be released for sale until each lot of virus has been tested by animal 
inoculation and by culture on blood dextrose cystine agar. Guinea pigs or mice 



Vi AGGLUTINATIVE PROPERTIES FOR BACTERIUM TYPHOSUM 
DEMONSTRATED FOLLOWING INFECTION 
WITH MALARIA PARASITES 


Marion B. Coleman, B.S., Albany, N. Y. 


S INCE the original report from this laboratory on the occurrence of Vi 
agglutination with Bacterium typhosum in sera from patients having ther- 
apeutic malaria, 1 specimens have been examinee! from those having clinical 
malaria and also from patients having neurosyphilis and treated by intrave- 
nous injection of typhoid vaccine. The only report found in the literature of 
the demonstration of Vi agglutination in a significant number of sera from 
individuals having infections with agents other than typhoid bacilli is that of 
Bensted. 2 . He observed such reactions in specimens from six patients having 
tropical typhus fever, who had previously been inoculated subcutaneously with 
heat-killed typhoid vaccine. He obtained no Vi agglutination in sera from 
forty-four other similarly inoculated patients who had tonsillitis, bronchial 
catarrh, or tuberculosis. He demonstrated transient Vi agglutinative prop- 
erties within a few days after subcutaneous administration of heat-killed 
phenolized typhoid vaccine, and suggested that latent or residual Vi aggluti- 
native properties thus induced may subsequently be stimulated by other agents, 
Felix, Rainsford, and Stokes 3 and also Climie 4 demonstrated Vi agglutination 
in sera of individuals inoculated subcutaneously with alcohol-killed typhoid 
vaccine, but in sera from only a few when the vaccine was heat-killed and 
preserved with phenol. When heat-killed vaccine was administered intrave- 
neously, however, Climie observed Vi agglutination in a high percentage of cases. 

The association of Vi agglutination with infection with malaria parasites 
was first suggested, in this laboratory, by results obtained with sera submitted 
in 1942 from inmates of Sing Sing Prison to be tested for floceular and gran- 
ular agglutination with typhoid bacilli. As a matter of interest, the sera were 
also tested for Vi agglutination and, surprisingly, this occurred in relatively 
high dilutions of the specimens from three individuals who, it was learned 
later, had received subcutaneous injections of head-killed typhoid vaccine pre- 
ceding malarial therapy. A systematic study was then undertaken of speci- 
mens from this group of patients, using sera remaining after tests for evidence 
of syphilis had been completed. 

The technic outlined in a previous publication 5 was followed, and a P nie 
Vi strain of Bad. typhosum isolated in this laboratory (No. 37136) was usee, 
in addition to that designated by Bhatnagar® as “Vi I” (No. 39121). 1 0 
significant difference was observed in the degree of reaction with the t"° 
strains. (Since the completion of this study, strain No. 37136 has become 
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unsatisfactory for demonstrating- Vi agglutination.) Tests for floccular and 
granular agglutination were performed as outlined in the Standard Methods 7 
of this Division. 

SERA FROM PATIENTS HAVING THERAPEUTIC MALARIA 

Sera from thirty-four patients with neurosyphilis or latent syphilis who 
had been subjected to malarial therapy were studied. Definite Vi agglutina- 
tion occurred in specimens from twenty-three, and partial or questionable 
reactions, in those from two. The failure to demonstrate VI agglutination in 
sera from the remaining nine patients does not prove that these properties 
may not have been present at some time. Only one specimen was tested from 
each of six of the latter; blood examined from the other three was collected 
either within three weeks or not until four months or more after malarial 
therapy. Agglutinative properties may have been present in the intervening 
period since the examination of series of sera from ten other neurosyphilitic 
individuals indicates that reactions may not be demonstrated until the fifth 
or sixth week and may not persist for longer than three months after therapy. 
The peak usually occurred between the third and the fifth week. 

Eight of these patients whose sera contained Vi agglutinative properties 
were said to have had typhoid vaccine: four, subcutaneously within a month; 
one, subcutaneously twenty-four years previously; and three, intravenously 
ten days, eighteen months, and twenty months, respectively, before the speci- 
mens were collected. On the other hand, fifteen whose sera reacted were 
reported not to have had typhoid vaccine after admission to Sing Sing, and 
to have stated that they had not had it previously. Significant floccular ag- 
glutination with typhoid bacilli occurred in sera from only one of the latter, 
suggesting that he may have had vaccine but had forgotten or failed to com- 
prehend the meaning of the inoculation. 

It is of particular interest that two attempts to infect one patient with 
malaria parasites were reported unsuccessful ; yet serum collected six weeks 
later had a Vi agglutination titer of 1 :20. 

As a control, tests for Vi agglutination were performed with 103 sera from 
ninety-six inmates of Sing Sing Prison who had received no malarial therapy. 
Definite reactions were obtained in specimens from only two, in a 1 :40 dilution 
of one and in a 1 :10 dilution of the other. Partial reactions of questionable 
significance occurred in those from seven. The data indicated that typhoid 
vaccine had not been given to any of the nine. Blood specimens were secured 
a year later from the two whose sera gave definite reactions, and a titer of 
1:40 was again obtained with one but no significant agglutination with the 
other. Series of three fecal specimens collected at three-day intervals from 
both individuals were examined for typhoid bacilli; none was found. This 
incidence of unexplained reactions is not unusual.*’ 

sera from patients having clinical malarlv 

In view of the incidence of Vi agglutination in sera from patients under- 
going malarial therapy, specimens were obtained from twenty-eight men in the 
armed forces who had clinical malaria. Vi agglutinative properties were dem- 
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S INCE the original report from this laboratory on the occurrence of Vi 
agglutination with Bacterium typhosum in sera from patients haring ther- 
apeutic malaria, 1 specimens have been examined from those having clinical 
malaria and also from patients having neurosyphilis and treated by intrave- 
nous injection of typhoid vaccine. The only report found in the literature of 
the demonstration of Vi agglutination in a significant number of sera from 
individuals having infections with agents other than typhoid haeilli is that of 
Bensted. 2 He observed such reactions in specimens from six patients having 
tropical typhus fever, who had previously been inoculated subcutaneously with 
heat-killed typhoid vaccine. He obtained no Vi agglutination in sera from 
forty-four other similarly inoculated patients who had tonsillitis, bronchial 
catarrh, or tuberculosis. He demonstrated transient Vi agglutinative prop- 
erties within a few days after subcutaneous administration of heat-killed 
phenolized typhoid vaccine, and suggested that latent or residual Vi aggluti- 
native properties thus induced may subsequently be stimulated by other agents. 
Felix, Rainsford, and Stokes 3 and also Climie 4 demonstrated Vi agglutination 
in sera of individuals inoculated subcutaneously with alcohol-killed typhoid 
vaccine, but in sera from only a few when the vaccine was heat-killed and 
preserved with phenol. When heat-killed vaccine was administered intrave- 
neously, however, Climie observed Vi agglutination in a high percentage of cases. 

The association of Vi agglutination with infection with malaria parasites 
was first suggested, in this laboratory, by results obtained with sera submitted 
in 1942 from inmates of Sing Sing Prison to be tested for floccular and gran- 
ular agglutination with typhoid bacilli. As a matter of interest, the sera weie 
also tested for Vi agglutination and, surprisingly, this occurred in relatively 
high dilutions of the specimens from three individuals who, it was learnec 
later, had received subcutaneous injections of head-killed typhoid vaccine P u ’~ 
ceding malarial therapy. A systematic study was then undertaken of speci- 
mens from this group of patients, using sera remaining after tests for evidence 
of syphilis had been completed. 

The technic outlined in a previous publication 5 was followed, and a P l,ie 
Vi strain of Bad. typhosum isolated in this laboratory (No. 37136) was usee • 
in addition to that designated by Bhatnagar 6 as “Vi I” (No. 39121). 
significant difference was observed in the degree of reaction with the tu° 
strains. (Since the completion of this study, strain No. 37136 has become 
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SUMMARY ,, , ..... 

Vi agglutinative properties were demonstrated witl\.. typhoid bacilli in 
significant dilutions of sera from (1) twenty-three of thirty-four patients hav- 
ing neurosyphilis or latent syphilis and who were receiving malarial therapy; 
(2) two of ninety-six individuals who had received no malarial therapy 4 5 6 7 ; (3) 
eleven of twenty-eight patients with clinical malaria ; and (4) fourteen oi , 
thirty-one neurosyphilitic patients who had been treated by intravenous injec- 
tion of typhoid vaccine. 

Two hypotheses are offered: (1) that malaria parasites possess Vi antigen 
and (2) that latent agglutinative properties are stimulated. 

These observations should be considered in evaluating Vi agglutination. 
A continuation of the study 7 should include the examination of various species 
of bacteria for Vi antigen and the determination of factors that may stimulate 
latent Vi agglutinative properties. 

Grateful acknowledgment is made of the cooperation of Colonel D. M. Kuhns, Director 
of the Fourth Service Command Laboratory, Ft. McPherson, Georgia, who arranged for the 
submission of blood specimens from men in the armed forces, and of Dr. B. I. Kaplan and 
Dr. I. J. Briglitman, Ossining, who furnished the data regarding the patients with neuro- 
syphilis or latent syphilis treated by malarial therapy. 

REFERENCES 

1. Division of Laboratories and Research, New York State Department of Health, Albany, 

Annual Report, 1942, p. 51-52. , 

2. Bensted, H. J. : Bacterium Typhosum. The Development of Vi-Antigen and V l-Antiuo ., 

J. Roy. Army M. Corps 74: 19, 1940. . _ 

3. Felix, A., Rainsford, S. G., and Stokes, E. J.: Antibody Response and Systemic Rea 

tions After Inoculation of a New Type of T.A.B.C. Vaccine, Brit. M- J- B 4 ' 

4. Climie, H.: Immunization Against Typhoid and Para typhoid With Alcohol-Killed, 

Alcohol-Preserved and Heat-Killed Phenol-Preserved Vaccine, J. Hyg. ’ 

1942. ‘ . , 

5. Coleman, M. B.: Experience With the Test for Vi Agglutinative Properties for r 

thella Typhosa, Am. J. Pub. Health 32: S43, 1942. „ n t; 

6. Bhatnagar, S. S., Speechly, C. G. J., and Singh, M.: A Vi Variant of Salmonella lyi 

and Its Application to the Serology of Typhoid Fever, J. Hyg. 38: 663, luob. 

7. Wadsworth, A. B.: Standard Methods of the Division of Laboratories and Kese. > 

New York State Department of Health, Baltimore, 1939, Ed. 2, Williams and 
kins Company, p. 178. 



STUDIES ON THE ABSORPTION OF THE SULFONAMIDES FROM THE 
GASTROINTESTINAL TRACT OF ALBINO RATS 


Elmer H. Loughlix, M.D., Richard H. Bennett, M.D., 
Mary E. Flanagan, B.S., and Samuel H. Spitz, M.D. 
Brooklyn, N. Y. 


M ANY reports on the pharmacology of the sulfonamides in human beings 
and animals have been published. 1 In these studies, with few exceptions, 2 
observations on the absorption of the sulfonamides as determined by blood levels 
obtained were seldom made before one hour after their administration to human 
beings by mouth or by stomach. 

Recently, we reported the results of investigations in human beings 3 in 
which we observed the blood levels reached by various sulfonamides during a 
three-liour period after their administration by mouth. We found that (1) 
sulfapyridine, sulfathiazolc, and sulfadiazine, as well as their sodium salts, 
were quickly absorbed from the gastrointestinal tract, as evidenced by their 
rapid appearance in the blood, frequently as early as five minutes after peroral 
administration; (2) the absorption of sulfapyridine, sulfathiazole, and sulfa- 
diazine was favored by the simultaneous administration of equivalent amounts 
of sodium bicarbonate; (3) the absorption of the sodium salts, as demonstrated 
by blood levels attained, was more rapid and greater than that obtained when 
sulfapyridine, sulfathiazolc, or sulfadiazine were given alone or in combination 
with sodium bicarbonate; (4) conjugated forms of the sulfonamides appeared 
in the blood as early as five minutes after administration, in some instances 
being the only forms present; and (5) conjugation of the sulfonamides was 
greater when the sodium salts were administered than when sulfapyridine, 
sulfathiazole, and sulfadiazine with bicarbonate of soda were given. 

It has been the opinion of some workers in the field of chemotherapy 4 that 
absorption of the sulfonamide compounds occurred principally from the small 
intestine. This concept was based on investigations made after the adminis- 
tration of sulfapyridine by stomach tube to dogs in which the pylorus had been 
ligated; insignificant amounts of the sulfonamide were found to be absorbed 
from the stomach. Similar doses administered into the small intestine produced 
significantly higher blood levels. This study was confined to the levels of free 
drag in the blood, since conjugation of the sulfonamides was found to occur 
only slightly in dogs. 

In view of our studies showing the rapid absorption of the sulfonamides as 
indicated by their early appearance in the blood after peroral administration in 
human beings, we felt that, despite reports to the contrary, 4 significant quan- 
tities of these drags could be absorbed from the stomach. The purpose of the 
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present study is to investigate in albino rats the absorption of the sulfonamides 
from the stomach, as well as to compare these results with those from the 
stomach and small intestine together. 

METHODS AND MATERIALS 

The animals used were healthy albino rats, each weighing from 300 to 350 
grams. The animals in one group were anesthetized lightly with ether. The 
abdominal wall was incised, the stomach exposed, the pylorus occluded by a 
black silk ligature, and the abdomen closed with metal skin clips. Administra- 
tion of the sulfonamides by garage was accomplished, and the animals were 
permitted to return to consciousness within five minutes after completion of 
the operative procedure. 

A second group of animals, in which pyloric occlusion was not done, were 
given the sulfonamides also by gavage. 

Sulfapyridine, sodium sulfapyridine, sulfathiazole, sodium sulfathiazole, 
sulfadiazine, and sodium sulfadiazine were administered in doses of % Gm. of 
the sulfonamide per kilogram of body weight. This dosage was chosen arbi- 
trarily, the amount of the drug being proportionately the same as that which 
Long in studies on sulfonamide absorption, administered to mice. 5 It also was 
the daily amount of sulfonamide administered by us in the treatment of pneu- 
mococcal pneumonia in rats. 0 

Samples of blood for determination of its sulfonamide content were ob- 
tained by cardiac puncture five minutes after administration of the drug, and 
then at intervals of five and ten minutes during the first half-hour and second 
half-hour periods, respectively. From six animals with pyloric occlusion, to 
each of which was administered a different sulfonamide, specimens of blood were 
obtained at intervals of one minute during the first five minutes after admin- 
istration. 

Determinations of free and conjugated sulfonamides in the blood weie 
made according to the procedure of Bratton and Marshall. 7 A Klett-Sumnierson 
photoelectric colorimeter with a No. 54- filter was used. 

RESULTS 

Sulfapyridine (Charts 1 and 2). — Small amounts of free sulfapi ridinc 
(0.072, 1.17, 1.36, and 2.29 mg. per 100 c.c.), were found in the blood in each 
of four rats with pyloric occlusion five minutes after sulfapyridine bad been 
given. In each of three animals without pyloric occlusion, levels of 1-6, ,,0 > 
and 7.6 mg. per 100 c.c. of the free drug were found. 

In three of the four animals with pyloric occlusion both the free and con 
jugated forms were found in the blood at five minutes after administration, 
while in three rats without pyloric occlusion the conjugated form w r as foun 111 
one. 

In the animals without pyloric occlusion, it was found that the blood ' e 'e s 
in two of the three were higher throughout the hour period than in those y* 
pyloric occlusion. In a third animal without pyloric occlusion, which sum' 
only twenty-five minutes, the levels of free drug in the blood were similai o 
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those in the animals with pyloric occlusion. The degree of conjugation in cadi, 
however, was approximately the same. 

In two animals with pyloric occlusion to which sulfapyridine had been ad- 
ministered, determinations of the blood sulfonamide were made at one-minute 
intervals during the first five-minute period. In one animal, free levels of 12.0, 
7.7, 7.6, 5.76, and 4.65 mg. per 100 c.c., respectively, were obtained at the first, 



- If fjjlb pOf 

Chart 3. — Free blood levels of sodium sulfapyridine after a single dose or ,/j. 
kilogram of sodium sulfapyridine administered by gavage. 

AVI thou t pyloric occlusion. 

. “With pyloric occlusion. 


LOUGHLIN ET AL. : ABSORPTION OF SULFONAMIDES FROM STOMACH 925 


second, third, fourth, and fifth minutes. Total levels of the drug in this animal 
were respectively 12.0, 8.0, 7.6, 5.97, and 4.97 mg. per 100 c.c. A second 
animal similarly treated had free blood levels of 6.13, 5.33, 3.4, and 2.0 mg. 
per 100 c.c., and total blood levels of 8.26, 6.93, 4.53, and 4.13 mg. per 100 
c.c. at one, two, three, and five minutes.* 



Chart 4. — Average free anil total blood levels of sodium sulfapyrulme adimnisteied by 
gavage. 

Wlth °ut pyloric occlusion 

27^ Free 1 Pyloric occlusion. 

Sodium Sulfapyridine (Charts 3 and 4). — Following the administration 
of sodium sulfapyridine, greater quantities of sulfonamide appeared in the 
blood of each group of animals at five minutes than when sulfapyridine was 
given. In the rats with pyloric occlusion, the free levels of sodium sulfapyridine 
in the blood were 0.1, 2.3, 4.0, 9 3, and 12.9 mg. per 100 c.c. and without pyloric 
occlusion the free levels were 1 4 and 6.3 mg. per 100 c.c. 

In three of five animals witirpyloric occlusion to which sodium sulfapyridine 
had been administered, the conjugated as well as the free form was present 
at five minutes In a fourth rat the conjugated form alone was present. In 
two rats without pyloric occlusion, one had conjugated as well as free sodium 
sulfapyridine in the blood. 


•Blood could not be obtained at the fourth minute. 
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In one animal with pyloric occlusion to which sodium sulfapyridine had 
been administered, blood sulfonamide determinations were made at minute in- 
tervals during the first five-minute period. ' The free levels obtained were 4.4 
and 8.9 mg. per 100 c.c. at one and two minutes, respectively. Traces were 
found at three and four minutes, while at five minutes, the free form had 
disappeared entirely, though the conjugated form was present. Conjugated 
sulfapyridine which appeared as early as one minute after administration, was 
absent at the second minute, reappeared at the third, and was present at the 
. fourth and fifth minutes. 

mg% 

ii 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

minutes 

Chart 5. — Free blood levels of sulfathiazolc after a single dose of \!i Gni. P eI ' Ul 0E,rnm 
of sulfathiazole administered by ravage. 

Without pyloric occlusion. 

With pyloric occlusion. 

In the rats receiving sodium sulfapyridine, the free blood levels in those 
with pyloric occlusion were frequently higher during the hour period than m 
those without pyloric occlusion. In both groups wide fluctuations occuried, 
being more pronounced in those with pyloric occlusion. 'Whereas, the average 
total level generally ranged close to the free level in those animals whose P.V*°| ,IS 
was occluded, in those without, occlusion the average degree of conjugation 
progressively increased throughout the entire hour. 

Sulfathiazolc (Charts 5 and 6). — Free sulfathiazole in small amounts (0-® ’ 
0.S4, 0.7S, and 0.12 mg. per 100 c.c.), was found in the blood in each of i° in 
animals with pyloric occlusion five minutes after the administration of su 
thiazole,* while, in each of two animals without pyloric occlusion, signing' 11 • 
larger quantities (2.9 and 4.S mg. per 100 c.c.) were present. 



♦Blood could not be obtained from a fifth rat at five minutes. 
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In all four rats with pyloric* occlusion, conjugated sulfathiazole was present 
in .addition to the free form at five minutes, and one of the two rats without 
pyloric occlusion had both conjugated and free drug in the blood. 

In one rat with pyloric occlusion, determinations for the sulfonamide in the 
blood at intervals of one minute for the first five minutes were made. Free 
blood levels in this animal were O.W, 0.72, 1.15, and 0.S4 mg. per 100 c.c. re- 
spectively at one, two, three, and five minutes after administration. No speci- 
mens of the blood were procured at the fourth minute. Total blood levels, 
revealing the presence of conjugated sulfathiazole were 1.2, 0.78, and 1.2 mg. 
per 100 c.c., respectively, at one, two, and five minutes. No determination for 
conjugated drug was made at three minutes. 



~ Without pylotic occlusion 

Among those animals with pyloric occlusion to which sulfathiazole was 
administered, four had free blood levels continuing until death below 2.0 mg. 
per 100 c.c. with but one exception, a temporary rise to 3.6 mg. per 100 c.c. 
at ten minutes. A fifth animal presented a continued rise in the blood level 
until death at forty minute s, at which time it had reached 7.0 mg. per 100 e.e. 
The three animals without pyloric occlusion had free blood levels ranging from 
1.6 mg. per 100 c.c. at ten minutes, to 9.0 mg. per 100 c.c. at one hour. In 
two of these animals, the blood levels fluctuated, while the third had a steady 
rise to 9.0 mg. per 100 c.c. until death at sixty minutes. 

Sodium Sulfathiazole (Charts 7 and 8). — In tlio.se animals to which so- 
dium sulfathiazole had been given and in which pyloric occlusion had been 
done, blood levels of free sulfathiazole in each of four animals were respectively 
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3.2, 4.0, 4.7, and 7.3 mg. per 100 e.e. at five minutes after administration; 
whereas, in three without pyloric occlusion, the free levels were respectively 
0.5, 3.2, and 8.8 mg. per 100 c.c. 

In two of three animals with pyloric occlusion in which conjugated levels 
were determined at five minutes after administration of sodium sulfathiazole, 
there was conjugated as well as free sulfathiazole. In each of three determina- 
tions in those without pyloric occlusion both the free and conjugated forms were 
present. 

Determinations of the blood sulfathiazole level in one animal with pyloric 
occlusion, at one minute, two minutes, and five minutes after administration of 
sodium sulfathiazole, were respectively 3.24, 3.50, and 3.10 mg. per 100 c.c. The 



Chart 7. — Free blood levels ot sodium sulfathiazole after a single dose of ! „; 
kilogram of sodium sulfathiazolc administered by gavage. 

'Without pyloric occlusion. 

With pyloric occlusion. 
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total drug at two minutes was 4.9S mg. per 100 c.e. Determinations of the 
total drug could not be made at one and five minutes. 

In the animals to which sodium sulfathiazolc had been administered, it was 
found that in those with pyloric occlusion, the levels of free drug in the blood, 
although they fluctuated widely, were similar to those obtained in those ani- 
mals without pyloric occlusion. The amount of conjugated drug in those with 



Chart S — Average free and total blood levels of sodium sulfathiazole after a single dose 
or Cm. per kilogram of sodium sulfathiazole administered by gavage. 

~ Without pyloric occlusion 

2 ~°, Free ' v,th Pyloric occlusion 
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occlusion of the pylorus, however, while high at first, diminished rapidly, so 
that only a slight difference existed at thirty minutes and thereafter. In those 
without pyloric occlusion, the amount of conjugated drug increased progres- 
sively. 

Sulfadiazine (Charts 9 and 10). — Sulfadiazine was present in the blood 
(0.9, 1.3, 1.5, and 1.5 mg. per 100 c.e.) in all four rats with pyloric occlusion 
five minutes after it had been given, and in both rats without pyloric occlusion 
(0.5 and 1.5 mg. per 100 c.c.).° 

Three of the four rats without pyloric occlusion had conjugated as well 
as free sulfadiazine in the blood, and one of two without pyloric occlusion had 
conjugated drug at five minutes. 



Chart 9. — Free blood levels oC sulfadiazine after a single dose of Vi Gnt. P or kU°a r - 1 ' 
sulfadiazine administered by gavage. 

Without pyloric occlusion. 

"With pyloric occlusion. 


In one rat with pyloric occlusion determinations for sulfonamide in 1(! 
blood were made at intervals of one minute during the first five minutes. 1 ,csl 
revealed free blood levels of 0.9, 0.6, 0.9, 0.8, and 1.5 mg. per 100 c.e., ^ 
spectivelv, at one, two, three, four, and five minutes. Levels of conjuga 
drag found at the first, second, third, fourth, and fifth minute periods " cre 
1.54, 1.46, 1.92, 1.73, and 2.32 mg. per 100 c.c. ^ 

In subsequent determinations made during the remainder of the >° ' 
it was found that the levels in the four animals with pyloric occlusion vcm 
closely similar to those without pyloric occlusion during the first twentj 
minutes. After this time, in three of the animals with pj'loric occlusion, 

•No blood could be obtained at five minutes from the third animal without P> 
occlusion. 
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of which survived for one hour, the levels were similar to those without occlu- 
sion. The third rat with pyloric occlusion showed a rapid rise in free level 
of sulfadiazine in the blood from 0.9 nig per 100 c.e. at twenty-five minutes 
to 7.2 mg. at thirty minutes, and a subsequent fall to 2.0 mg. at forty minutes; 
thereafter, the levels in the blood coincided with the trend of the rest of the 
group. One of the two animals without pyloric occlusion had a gradual rise 
in free blood sulfadiazine from 1 5 nig. per 100 c.e. at thirty minutes to 3.4 
mg. per 100 c.c. at one hour. The other attained free blood sulfadiazine levels 
similar to those found in the animals with pyloric occlusion. 



Chart 10. — Average free anil total bloorl levels of sulfadiazine after a single dose of 
Cm. per kilogram of sulfadiazine admmistned by gavage. 

“V Total Without pyloric occlusion 

With pyloric occlusion. 


Sodium Sulfadiazine (Charts 11 and 12). — Following the administration 
of sodium sulfadiazine, all animals with pyloric occlusion had free sulfadiazine 
in the blood (0.3, 1.1, 1.3, 2.0, and 3,1 mg. per 100 c.e.) at five minutes. Very 
much greater levels were obtained in two animals without pyloric occlusion 
(10.6 and 13.1 mg. per 100 c.c.).* 

Three animals with pyloric occlusion survived for fifty minutes or longer. 
Two had levels of 1.0 mg. per 100 e.c. or below. A third had levels between 
2,5 and 6.0 mg. per 100 c.c. Two of the animals without pyloric occlusion had 
very high free levels. One had a progressive rise, which at first was sudden, 
from 13.0 mg. at five minutes to 27.2 mg. per 100 c.c. at fifty minutes. Another 
free sodium sulfadiazine level, after reaching 23.0 mg. per 100 e.c. at twenty 
minutes fell quickly to 7.S mg. per 100 c.c. and then again rapidly rose to 
15.4 mg. per 100 c.c. at the end of one hour. The free blood sulfadiazine level 
in a third animal initially was 10.6 mg. per 100 e.c. at five minutes, fell to 2.2 
at twenty minutes, and 1.3 mg. at forty minutes; there then followed a gradual 


•Ho blood mis procured fiom a third animal at five minutes. 
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rise to 5.1 mg. per 100 c.e. at one hour. The degree of conjugation was slight 
in those animals with pyloric occlusion throughout the hour period. In those 
without pyloric occlusion, there was no conjugation during the first twenty 
minutes; however, during the next twenty minutes the average degree of con- 
jugation increased chiefly because of lowered free levels, but from forty minutes 
to one hour there was less conjugation than during the previous period, with 
again slowly rising free levels which almost paralleled the total blood levels. 



Chart 11. — Free blood levels of sodium sulfadiazine after a single dose of M G 
kilogram of sodium sulfadiazine administered by gravage. 

'Without pyloric occlusion. 

With pyloric occlusion. 


per 
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In another rat "with pyloric occlusion to winch sodium sulfadiazine had 
been given, free blood levels of 1.3, 1.4, and 1.2 mg. per 100 e.e, were obtained 
at one, four, and five minutes. Conjugated sulfadiazine, as well as free, was 
found at one and four minutes. 



Chart 1C. — Average free anti total blootl le\cls of sodium sulfarlia 2 lne after a single dosp 
Of % Goi. per kilogram of sodium sulfadiazine administered by savage. 

' Without pyloric occlusion 

•T?* "*Free With pyloric occlusion 

SUMMARY 

Study was made of the absorption of sulfapyridine, sodium sulfapyridine, 
sulfathiazole, sodium sulfathiazole, sulfadiazine, and sodium sulfadiazine as 
evidenced by blood level determinations made at short intervals during a one- 
hour period following their administration by garage to two groups of albino 
rats. In one group, the animals were normal; in the other, mechanical occlusion 
of the pylorus had just been effected. 

Sulfapyridine, sodium sulfapyridine, sulfathiazole, sodium sulfathiazole, 
sulfadiazine, and sodium sulfadiazine were absorbed rapidly in both groups of 
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animals as shown by tlieir appearance in the blood in all determinations made at 
fire minutes after their administration by stomach tube. 

Six animals in the group with pyloric obstruction, each of which had re- 
ceived a different drug, and in which blood samples were taken at minute in- 
tervals for five minutes after administration, had significant quantities of the 
sulfonamide in the blood as early as one minute. 


Conjugated forms of the sulfonamides were present as early as one minute 
after administration in four of these six animals; in the other two, they ap- 
peared at two minutes. 

The majority of the animals in both groups had conjugated sulfonamide 
in the blood five minutes after administration. 

Greater amounts of sulfapyridine and sulfatliiazole were found in the blood 
of those animals without pyloric occlusion than in those rats with pyloric oc- 
clusion. There was no essential difference between the free and total blood 
levels of sulfadiazine in those with or without pyloric occlusion. 

The average degree of conjugation was greater in most instances in those 
animals to which sodium sulfapyridine, sodium sulfatliiazole, and sodium sulfa- 
diazine were administered, than in those receiving respectively, sulfapyridine, 
sulfathiazole, and sulfadiazine. 

The free and total blood levels closely paralleled each other in those ani- 
mals, which received sulfapyridine and sulfadiazine, with and without pyloric 
occlusion. In those animals with "pyloric occlusion which received sulfathiazole, 
the free and total levels, likewise, closely paralleled each other, but in those 
without occlusion moderately wide divergences occurred at irregular intervals. 

The rats given sodium sulfapyridine and sodium sulfathiazole responded 
similarly whether or not pyloric occlusion had been effected. Except for occa- 
sional fluctuations, there were no significant differences in the free blood levels 
of these two groups. In the rats with pylorie occlusion, the total levels paralleled 
the free levels with temporary exceptions. In the animals without occlusion 
which received sodium sulfapyridine, the free and total levels closely paralleled 
each other during the first twenty-five minutes; the same was true for sodium 
sulfathiazole during the first fifteen minutes. After this, the free and total 
levels with both sodium sulfapyridine and sodium sulfathiazole became wideh 


divergent with continued increase of the conjugated form. 

The animals without occlusion to which sodium sulfadiazine was given had 
very much higher blood levels than those rats with pyloric occlusion, the dif- 
ferences between free levels ranging up to 15 mg. per cent. The levels of the 
free and total sulfadiazine in the blood paralleled each other in the rats vi i 
pyloric occlusion, but remained approximately the same in those without ocelli 
sion for the first twenty minutes; after that, a wide divergence occurred. 


CONCLUSIONS 

1. Sulfapyridine, sodium sulfapyridine. sulfathiazole, sodium sulfathiazole, 
sulfadiazine, and sodium sulfadiazine seem to be absorbed from the stomae 
of albino rats in significant amounts. With the exception of sulfadiazine, m' 
ever, significantly greater quantities of the sulfonamides are absorbed i’ l0in 
gastrointestinal tracts of those animals without pyloric occlusion. 
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2. Conjugation of the sulfonamides m albino rats occurs as early as one 
minute after administration by gat age. 
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COLD AGGLUTININS IN TUBERCULOSIS 


Ezra Bridge, M.D., Arelyn Thurston, M.S., and Anthony Repicci, 

Rochester, N. Y. 


R ECENT investigations of cold agglutinins in the blood serum have shown 
that their presence may be used as a diagnostic test for atypical pneu- 
monias. 1 ’ 2 This we have found to be true in a small number of cases which 
have been under supervision at this hospital. Still more recently, Siefert and 
Krautman 3 reported cold agglutinins present in the serum of patients with 
tuberculosis. This possibility was thought worthy of investigation because of 
difficulties which might arise if both tuberculosis and atypical pneumonia should 
exist at the same time in the same individual. The report of our investigation 
is as follows: 

SELECTION OF CASES 

Fifty individuals were used for the tests. The selection was made on the 
basis of activity and extent of disease. The group thus selected was classified 
as follows: active, minimal, 15; acth'e, moderately advanced, 16; active, fai 
advanced, 13; inactive, moderately advanced, 1; nontuberculous, 5. 

DONORS 

Cells from four Group 0 donors were used. Three of these donors vere 
nontuberculous, and one was classified as active, minimal tuberculosis. The 
serum of each patient tested was used with the cells of more than one donor, 
and donors’ cells were tested with their own sera as well as the sera of patients. 

TECHNIQUE 

Each patient’s serum was diluted with physiological saline in twelve tubes 
from a 1:2 to a 1 :4,096 dilution. Five-tenths cubic centimeter of a 2 per cent 
suspension of washed human Group 0 cells was .then added, mixed with the 
diluted serum and placed in the refrigerator at 0° C. temperature overnight. 
Readings were taken immediately upon removal from the refrigerator and one 
hour later (in positive cases). 


RESULTS 

In no instance were we able to demonstrate cold agglutinins in am of th^ 
sera of patients with tuberculosis only. In two instances, howcvei, " 1C 
atypical pneumonia as well as tuberculosis was present, positive reactions 
recorded. 

Received for publication, Alay 24. 1944. 
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SCMMARY 

In a scries of fifty eases of tuberculosis the test for cold agglutinins was 
negative. This leads us to the opinion that tuberculosis in itself does not pro- 
duce these agglutinins. We therefore conclude that tlio test has a distinct valiu* 
in differentiating between tuberculosis and atypical pneumonia. 
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THE INCIDENCE OF PLASMA-COAGULATING STAPHYLOCOCCI IN 
THE FECES OF CHRONIC INVALIDS 


George H. Chapman, New York, N. Y, 


I T IS possible 1 to detect plasma-coagulating staphylococci in feces by plating 
the sample on bromthymol blue lactose agar to which has been added potassium 
tellurite (either 0.10 e.e. of 0.10 per cent tellurite added to the surface of a 
previously poured plate or, better still, 0.10 e.e. of 5.0 per cent unheated tellurite 
added to 250 c.c. of bromthymol blue lactose agar just before pouring). 

In studying the feces of 124 chronic invalids, plasma-coagulating staphy- 
lococci were found in 12 (9.7 per cent) in the following amounts: “moderate 
number," “moderate number,” 1, 1, 2, 2, 2, 7, 7, 10, 10 and 14 millions per 100 
grams of dry feces. There was an overgrowth of other organisms in 8 specimens 
(6.5 per cent). 

There was a relationship to the presence of staphylococci in the upper 
respiratory tract, plasma-coagulating staphylococci being found in the pharynx 
in 11, and in both pharynx and nares in 9 of the 12 that showed them in Hie 
feces. This indicates that the organisms bad been swallowed. Not all swallowed 
staphylococci, however, reach the feces because, of the 44 patients that shffwcd 
plasma-coagulating staphylococci in the pharynx, only 11 showed them in the 
feces. 

The method does not entirely eliminate other organisms but the number 
of other organisms is so reduced and the appearance of colonies of plasma- 
coagulating staphylococci is so characteristic that there is little difficulty m 
recognizing them. Enterococci are the most comon interfering organisms but the 
colonies are cpiite different from those of staphylococci. Five of the cult m cs 
of staphylococci isolated failed to clot plasma and are not included in the abo\e. 
calculations. 
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ALLERGY FROM TIMBO (LONCHOCABTOS H.B.K.) 


Rktort of a Case 


A. Oliveira Lima, M.D., Rio de Janeiro, Brazil 


C ONSIDERING the wide use of " timbo*' (Lonchocavpus H.B.K.) and 
“cube” (Derris Lour.) as insecticides, the paucity of reports of allergic 
manifestations in connection with these substances is rather surprising. Weston 1 
bas reported two cases of asthma due to Derm-root in flea powder. 

We had the opportunity of studying a patient with allergy due to timbo 
who manifested both asthma and dermatitis of the contact type. The interest 
of this ease lies in the demonstration of cross reactions between the atopens of 
Lonchoearpus (timbo) and Dorris (cube), plants of the Leguminosac family. 

CASE REFORT 

It. J, 8., a Brazilian white male, aged 33 years, has been working as an engineer for 
three years, on the road-building service in the State of Amazonas (North Brazil). Until 
he started to work there, lie had never suffered fiom asthma or eczema. He had had urti- 
caria when ho ate shrimps. Typhoid fever and pneumonia were the only illnesses he had had 
in the past. His mother had suffered from alleTgic ilumtis; two maternal aunts had asthma; 
one sister and two sons lmd chronic urticaria. 

In the beginning of 1940 Ins work brought him into close contact with the flora of 
Amazon. His abode was located at a distance of some kilometers from where he worked 
and he was compelled daily to walk through demc shrubs and forests. The great number 
of mosquitoes of this region forced lum to spray Ins house with a mixture of kerosene and 
timbd powder. He noticed first that he could not breathe well when he stayed in the rooms 
which had been sprayed. Without paving special attention to the fact he continued to use 
timbo, the only insecticide at his disposal. 

In JJay, 1940, there appeared the first trouble which forced lum to stop using the 
spray. At that time, inhalation of the above nuxtuie would cause lum to sneeze, followed 
ky coryza, pruritus of the nose and conjunctiva, oppression on. the chest, shortness of breath 
and wheezing. On stopping use of the insect powder, the patient was relieved of all symp- 
toms, Although ho no longer sprayed his rooms, lie could not altogether avoid the effects 
of the mixture, for his colleagues, at whose hou'-es he called, kept ou spraying. Frequently 
he felt himself suddenly compelled to lciue the house* of friend* because of uolent attacks 
of asthma. 

At that tune he experienced pi until* and leddenmg of the skm of his hands while 
working in the field. After a few days, there appeared small vesicles, followed by pruritus 
and eczematization of his hands and forearms. Although he suspected the toxic action of 
some plant, he was unable to identify it. His eczema healed after ten days’ rest. On return- 
ing to work the eruptions reappeaied, of the same character, but now spreading beyond the 
elbows. The patient came to Rio dc Janeiro where we examined him. His dermatosis had 
healed dunng the journey. 

From the Loboi atono de Alermn sao Boija, TUo de Janeiro. Brazil. 

Read before the Centro de Estudos de Atvrgia do Rio de Janeiro, Jan. 23. 1344. 
tt*>eei\ eil for publication, Feb 24. 1344. 
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/’hysical Examination . — The examination did not reveal anything of interest. Kalin 
test was negative. He had a blood eosinophilia of 7 per cent. Urine and stool examinations 
were negative. 

Skin Testis . — Scratch and intradermal tests were negative for foods, common inhalants, 
fungi and pollens. The scratch tests with a 1 per cent extract of Lonchocarpus nicou 
(timbd) root-powders and with a similar extract from Derris elliptica (cube) were both 
positive 3 plus. The same tests were negative on the shin of three normal persons. The 
passive transfer tests were positive 2 plus on the skins of 2 non-atopic recipients. Scratch 
and intradermal tests with an extract made from Tephrosia, a genus of the Leguminous 
family and possessing also the insect-killing capacity, were negative. Also negative were 
the scratch and intradermal tests done with a standardized extract from pure rotenonc. 
Patch tests, not covered, with crude extracts obtained from the leaves of Lonchocarpus anil 
Derris, gave positive reactions of the same intensity for the two genera. After 24 hours 
thero wero intense erythema, distinct infiltration and vesieulation, within an area 3 centimeters 
in diameter. On the third day after performance of the patch test, an erythematous “flare- 
up'’ appeared on the backs of the two hands, which disappeared without vesieulation after 
72 hours. Tho same tests were negative on the skins of 3 normal persons. Attempts to trans- 
fer the sensitivity in relation to the resinous principles of the two plants have not been 
successful. The patch test performed with Tephrosia, pure Totenone, Lithrea molleoides, 
and kerosene were negative. The contact tests with powdered leaves or roots of Lonchocarpus 
and Derris exhaustively treated with ether (tests performed with a 50 per cent ointment 
by weight of powder and petrolatum) were wholly negative after 24, 48, 72 hours and 
after 7 days. 

• DALE EXPEREMEXTS 

111 order to be certain of the immunological relationship between the water 
soluble antigens of the two genera, Lonchocarpus and Derris, a series of ex- 
periments with the Dale test were conducted. Five guinea pigs were sensitized 
by means of a single intraperitoneal injection of a purified alum-precipitated 
extract. It was possible to inactivate completely a Lonchocarpus nicou sen- 
sitized uterine strip by means of an extract of Derris elliptica and vice-versa, 
in several cross neutralization experiments. Similar experiments were carried 
out with the species® Lonchocarpus urucu Kill, L. maculatus DC., L. clensiflorus 
Bcntli., L. floribundus Bcnlli., L. sericeus II.B.K., L. denudatus Benth., L. spru- 
ce amis Bentli., L. negrensis Bcntli.; Derris guiaanensis Benih., D. ncgrensis 
Benth., D. longifolia Bcntli. All of them showed the presence of a common an- 
tigen. 

Extracts from three species of the genus Tephrosia Pcrs. ( T . toxicana Pcrs., 
T. brcvijts Bcntli., T. nitons Benth.) and from pure rotenonc, failed to produce 
contraction on tho uteri sensitized to Lonelioearpus or Derris. 

Precipitin tests were performed with the extracts used for sensitization 
in sera from the five guinea pigs, hut the results were negative. 


DISCUSSTOX 

The simultaneous appearance, in our patient, of asthma and dermatitis oi 
the contact type, must be considered as a mere coincidence. The eczematous 
eruptions have been found only in connection with the resinous substance of t ' c 
Lonchocarpus and Derris leaves. The patch tests witli leaf and root pot' eI - 
exhaustively extracted with ether, did not produce any reaction. IVe 111 11 s 
conclude that the eczematous eruptions cannot he ascribed to the atopen P 1,n 

* Ml the specie? of the genus Lonchocarpus are designated here ns “Umbo" and are F 
ernllv considered as containing rotenonc. 
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ciple of the plants just considered Besides, the aspect of the lesions is quite 
different from that described by Walzer and Albert a 

The existence of cross reactions between the atopenic principles of the two 
genera, Lonchocarpns and Dews, has been demonstrated by means of tlte Dale 
test. Other genera of the Leguininosae family have been shown incapable of 
neutralizing a Lonchocarpns or Dows sensitized uterine strip. The fact that 
our patient does not react to pun* rot on one, one oi the principal substances 
endowed with toxic action tor cold-blooded animals, shows that the atopenic and 
contact principles of the two genera belong to different classes of substances. 
The other substances which are contained in timbo powder (degnelina, 
tephrosina, toxiearol) could not hi- investigated owing to the difficulty of ob- 
taining them in the pure state. AW have not been able to study the immunologic 
relationships of the resinous substances of the genera Lonehoearpus and Derris. 
The attempts artificially to sensitize the skin of three normal persons with its 
resin did not give conclusive results 

SUMMARY 

The writer cites the case of a patient who became allergic, at the same 
time, to the atopenic and resinous principles of timbo, n plant belonging to the 
genus Lonehoearpus. The patient reacted specifically also to the two principles 
of the genus Derris (cube). On studying the antigenic behavior of the atopenic 
principle of the genera Lonehoearpus and Derris by means of the Dale test, the 
writer was able to show the existence of cross reaction between the two plants. 
Pure rotenone was inactive in the cutaneous tests and indiferent to the uterine 
muscle of guinea pig sensitized to any of the above genera referred to. 

We wish to express our thanks to Profes?or Mello Barreto and to Dr. Luiz de Aiello 
Fdho for the facilities tlu»y afforded us m the execution of this work. 
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always present on the slide. The fragility of red cells to hypotonic saline was 
tested in the conventional manner. 10 Total hemoglobin, methemoglobin, and sulf- 
hemoglobin were determined by the method of Evelyn and Malloy. 11 Plasma 
bilirubin was measured by the method of Malloy and Evelyn. 12 At the end of 
the experiments most of the animals were sacrificed, usually by decapitation, and 
tissues were obtained immediately for bone marrow examination. 

The significance of the observed hematologic changes in peripheral blood 
was established largely by comparison of the control observations on each animal 
or group of animals with the subsequent experimental values. In parallel experi- 
ments in which four animals or more were employed in a group, all control deter- 
minations were pooled, and the mean with its standard error was calculated. 
The experimental values of the group at any given time interval during adminis- 
tration of the drugs were similarly treated. Statistical significance of the differ- 
ence between the means was tested by Fisher’s “t” test. 13 (This treatment was 
applied especially to the “Series 2” groups, Figs. 1 and 3.) The normal values 
reported for the eightv-one animals examined in this laboratory 9 and a smaller 
group of ten animals, followed for several months were also employed in a gen- 
eral way in interpreting the data. The myeloid-erythroid ratios calculated from 
the bone marrow counts (Table II) were also treated statistically as described 
above except that the control values in this ease were derived from a separate 
group of animals. 9 

RESULTS 

I. Acetanilid. — 

Series 1 . — Two dogs received acetanilid 9 mg. per kilogram daily for 141 
days; the drug was discontinued for two weeks, and the animals sacrificed. Two 
other dogs received progressively increasing doses of acetanilid : 9 mg. per kilo- 
gram daily for 96 days, IS mg. per kilogram for 51 days, 36 mg. per kilogram 
for 63 days. 72 mg. per kilogram for 77 days, and 144 mg. per kilogram for 4o 
days; i.e., 332 days of continuous medication. The hematologic data are sum- 
marized in Table I. The chronic administration of 9, IS, and 36 mg. per kilo- 
gram of acetanilid produced no significant changes in the peripheral blood. -I 1 ' 
increase in dosage to 72 mg. per kilogram resulted in a slight decrease in total 
hemoglobin, erythrocytes, and cell volume in Dog 15 but no change in Dog T’- 
A further increase in dosage to 144 mg. per kilogram, however, produced in both 
dogs a moderate decrease in total hemoglobin, erythrocytes, and cell volume, and 
a significant reticulocytosis. In this entire series no significant changes occurre 
in the total or differential leucocyte counts. There was no change in fragility 
to hypotonic saline and no cumulation of methemoglobin or sulfhemoglobin. The 
color and volume indices remained normal. The animals maintained or game 
weight. 

Series 2 . — Acetanilid 36 and 72 mg. per kilogram. Two groups of four 
animals each were on experiment for 7S days; one group received 36 mg- P c |" 
kilogram per day and the other group 72 mg. per kilogram per day. 00 
examinations weie made each week. The data on peripheral blood are sum 
marized. in Fig. 1. No consistent change occurred in total hemoglobin. er}i ir0 
cytes, or cell volume in the 36 mg. per kilogram group, although a fewoft U‘ 
values for erythrocytes were significantly reduced. The color and volume im >cc 



VAN LOON ET AL.; ACTIONS OF ACETA NILID AND ACETOPHENETIDIN 945 


remained normal. The values for total hemoglobin, erythrocytes and cell volume 
for the 72 mg, per kilogram group showed phasic decreases which in general were 
quite significant. At the end of the experiment the mean values were signifi- 
cantly reduced. The color index remained normal but the volume index in- 
creased slightly. In both groups their was a small increase in the reticulocyte 





946 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


for five to nine days. Occasionally the experiment was initiated by two 250 mg. 
per kilogram doses on the first day. The peripheral blood was usually examined 
daily and administration of the drug stopped after a severe anemia developed. 
Some animals were sacrificed at this time for bone marrow examination; others 
were followed to complete recovery of the peripheral blood picture. In several 
instances the latter type of experiment was repeated one or more times on the 
same animal. 



Fig. 2.- — Effect of the administration of large doses of acetanilid on JP eri S|lpr ordinate 
, the first experiment (left), and third experiment (right) on the same dog. ,. Th Vnn Jeucocvtcs: 
refers to the hars. The number of normoblasts are those observed in counting “f normobla- 45 
the leucocyte counts are uncorrected and are thus too high by the number o i 
present. 


Two examples of the effects produced with these large doses of acetam^ 
on one dog are shown in Fig. 2. In this animal the experiment was re P® a ^._ 
four times, the first and third experiments being shown. In the first cx ? 
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ment this dog received 500 rag per kilogram on the first day, 250 mg. per kilo- 
gram on the second, third, fourth, and fifth days, and 500 mg. per kilogram on 
the sixth day. It is evident that hy the fourth day a definite decrease in total 
hemoglobin, erythrocytes, and cell volume had occurred which reached a mini- 
mum on the seventh day. The reticulocyte response began on the thii'd day. 
When administration of the ding was stopped recovery was rapid and normal 
values were approximated by the twenty-third day. The anemia was macro- 
cytic and tended to be slightly hypercluomic. The development of the anemia 
teas associated villi a mild hibrubinemia, and some increase in the number of 
normoblasts in the peripheral blood.' During the last few days of adminis- 
tration of the drug and assori.ileil with the development of the anemia, there 
occurred a marked leucoeytosn. and an increase in the percentage of poly- 
morphonuclear neutrophils with a definite shift toward more immature forms 
as indicated by a decrease in the polj nuclear count. Younger forms of 
lymphocytes also appeared. The leuencj losis subsided early in the recovery 
period. The third experiment. Fig. 2, and the fourth experiment were in 
general a reproduction of the eM-nts of the first. The drug was administered 
for nine and five days, respectively. The chief variation from the first experi- 
ment was the appearance of a ri eater number of normoblasts in the blood. 
The second experiment on tins animal differed only quantitatively in that there 
was a lesser tendency to the development of anemia. 

The results shown in Fig. 2 may be taken as representative of this series. 
Some variation was noted in the number of daily 250 mg. per kilogram doses 
required to produce a severe anemia, although five to ten days were usually 
sufficient. Similar experiments were also made on four splcneetomizcd dogs. 
The hematologic effects were essentially the same and no definite difference in 
susceptibility or rate of recovery was noted. No cumulation of metbemoglobin 
or sulfhemoglobin was observed m any of these experiments. 

Effect of Acctanilid on Bone Marrow . — Examination of femur sections and 
imprints of the marrow from dogs in Series 1 (9 mg. per kilogram) revealed 
normal ecHularity with a slightly increased percentage in the crythroid series 
for Dog 9 (confined chiefly to the polychromatic normoblasts), and no change 
in Dog 10. The femur marrow imprints of Dog 15 (progressive 9 to 144 nig. 
per kilogram) showed an increased crythroid percentage with a myeloid- 
erythroid ratio of 0,004. Femur sections on both Dogs 15 and 19 showed an 
increase in erythroid cells and some hyperplasia. 

The result of differential rib mat-row counts for Series 2 are shown in 
Table II. With the 3G mg. per kilogram dose the average myeloid-crythroid 
ratio for the rib was 0.946 and for the femur 0.827, representing a significant 
decrease from the control series. This was associated with an increase in the 
pronormoblasts and orthochromatie normoblasts. The femur marrow sections 
also indicated an increase in the erythroid scries ; hyperplasia was evident in 
two animals, no change in one. and an apparent hypoplasia in one. The effect 
of the 72 mg. per kilogram dose was even more significant. The average 
myeloid-crythroid ratio was reduced to 0.817 for the rib preparation and 0.047 
for the femur. The increase in erythroid percentage occurred chiefly in the 
polychromatic and orthochromatie normoblasts. The histologic sections also 

*We have frequently noted occasional normoblasts in the peripheral blood of control dogs. 
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Table II 


Effect of Acetanilid and Acetophenetidin on Differential Bone Marrow Counts From 

Bib Smears in the Dog 


TYPE OF CELL 

CONTROLS* 

8 DOGS 

ACETANILID 
36 MG. /IvG. 

4 DOGS 

ACETANILID 
72 MG./KG. 

4 DOGS 

ACETO- 
PHENETIDIN 
GO MG./KG. 

4 DOGS 

ACETO- 
PHENETIDIN 
320 MG./KG. 

5 DOGS 

Myeloblasts 

0.2-1.0 

0.6 

0.4-0.7 

0.6 

0.5-1.0 

0.8 

0. 7-1.5 

1.1 

0.4-1.91 

1.0} 

Promyelocytes 

0.7-2. 8 

1.0 

0.3-1.4 

1.0 

0.5-0.9 

0.7 

1.0-1.5 

1.2 

0.7-2.3 

1.5 

Myelocytes 

2.7-10.0 

G.O 

1.9-3.5 

2.8 

2.0-4.1 

2.6 

3.3-S.7 

4.2 

3.6-8.1 

5.8 

Metamyelocytes 

1. 1-4.6 

3.4 

1 .1-4.3 

2.7 

2.0-3. 6 

3.0 

2.8-5.2 

3.4 

1.6-4.7 

3.6 

Bands, 

Neutrophilic 

6.8-17.4 

11.7 

9.3-10.2 

9.8 

G.7-9.8 

8.0 

7.6-12.9 

9.8 

6.4-11.2 

8.3 

Segmenters, 

Neutrophilic 

16.S-44.2 

30.1 

22.3-29.6 

26.8 

21.4-29.3 

25.9 

19.8-27.9 

22.6 

21.4-33.1 

24.5 

Eosinophils 

0.4-3. 8 

2.0 

1.8-4.8 

2.7 

0.9-1.9 

1.4 

0.7-2.2 

1.5 

0.9-2.8 

1.7 

Monocytes 

0.0-0. 3 

0.2 

0.0-1.0 

0.1 

0.0-0.1 

0.0 

0.0-0.3 

0.1 


Lymphocytes 

0.2-2. 7 

0.9 

0.7-2.0 

1.2 

0.9-2.3 

1.5 


/ WidB ' 

Pronormoblasts 

0.2-1.2 

0.6 

mm 

. 0.9-1.7 
' 1.4 

1.0-1.4 

1.2 

• 0. 7-1.6 

1.1 

Normoblasts, 

Basophilic 

0.4-9.9 

7.8 

7.1-8.2 

7.5 

5.6-9. 8 

7.4 

S.5-9.3 

8.9 

9.9-13.9 

11.6 

Normoblasts, 

Polychromatic 

11.0-26.0 

1G.4 

17.2-19.2 

1S.1 

20.3-22.4 

21.3 

18.7-21.7 

19.8 

14.3-23.9 

20.8 

Normoblasts, 

Orthochromatic 

8.9-25.8 

17.4 

18.9-27.8 

23.9 

17.3-28.5 

24.5 

18.1-27.6 

24.2 

10.8-24.8 

17.7 

Megakaryocytes 

0.0-1. 4 

0.5 

0.2-0.3 

0.2 

0.0-0.4' 

0.2 

0.0-0.2 

0.1 

■pH 

Unclassified 

0.S-1.4 

1.0 -1.9 

1 . 1 - 1. 8 

1.1-1.5 


M-E Batio 

Bib 

0.6-1.78 

1.37 

0.83-1.16 

0.946 

0.68-1.08 

0.817 

0.75-1,09 

0.836 

m 

M-E Batio 

Femur Imprints 

1.06-2.39 

1.610 

0.70-1.05 

0.827 

0.50-0.73 

0.647 

0.6S-0.96 

0.768 


*See reference 9. 
tRange. 

JMean. 


revealed an increase in the erythroid series. Hyperplasia of the marrow " aS 
evident in three animals with no change in the fourth. 

A number of bone marrow observations were made on animals from Senes 
3, the animals which had received large doses of acetanilid sufficient to pro 1 
a peripheral blood picture similar to that demonstrated in Fig. 2. For examp > 
a dog that had received 250 mg. per kilogram of drug per day for six days v ^ 
sacrificed on the eleventh day with peripheral blood values as follows. 1 
hemoglobin 7.5 6m. per cent, erythrocytes 3.13 million, cell volume 30 per 
reticulocytes 33.3 per cent, color index 1.01, and volume index 1.31. The 0 
marrow differential counts showed a marked decrease of the myeloid-erj » ^ 
ratio with values of 0.451 for rib and 0.394 for femur. An increase in 
the erythroid series was evident, but was especially marked in the P° f 
matic normoblasts (40.6 per cent). Both the white and red series of ce s " 
complete. Histologic sections showed hyperplasia of the femur marrov. 
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II. Acetophf.xetidix. — 

Series 1 . — Acetophenetidin wax administered to six dogs in 15 mg. per kilo- 
gram doses for 43 to 150 days Five of these animals were then continued on 
30 mg, per kilogram for 16 to 102 days; then four of these animals continued on 
60 mg, per kilogram for 39 to 46 days; and finally two of the animals were eon- 
tinned on 120 mg. per kilogram for 2S days. 

Table I II 


Effect of Daily Administration of Acetophenetidin is? the Doc 


DOG 

NO. 

DAYS 

DAILY 

DO RAISE 
MG./KO. 

THt» 
rsM *?< 

ERYTHRO- 
CYTES IN 
MILLIONS 

CELL 

VOLUME 

RETIC (’LO- 
CATES 

7c 

LEUCOCYTES 

IN 

TIlorSANDS 


0 

0 

15.fi 

6.38 

4S3 

0 

18.30 


70 

15 

18 7 

7.11 

44.0 

0 

8.25 


0 

0 

13.7 

0 01 

41.5 

0.2 

9,74 

20 

70 

15 

11.0 

5.10 

36 0 

0 

11.40 


71 

30 

11.5 

3.01 

35.0 

0.4 

20.83 


n 

0 

15.4 

7.23 

47.5 

0 

12.60 


133 

15 

13.0 

6.72 

5(ftl 

0.0 

13.05 


51 

30 

14.0 

6.47 

30.5 

1 1 

11,70 


45 

GO 

14.2 

7.13 

40.0 

0.1 

10.33 


0 

0 

14 4 

6 28 

46.0 

0.01 

17.17 


OR 

15 

12-5 

4.05 

37.0 

1.0 

14.15 


97 

30 

12 1 

5.02 

40.0 

0.7 

17.83 


45 

00 

10.5 

4 70 

35.0 




0 

0 

15.5 

0 38 


0.3 



41 

15 

lfi.2 

7.73 

48.0 

0.6 

12.53 

P-1 

14 

30 

15.5 


47.0 

0.4 

8.23 


35 

GO 

15.0 

3.03 


2 1 

9,25 


27 


14.2 

5.14 


0 

7.40 


0 

0 

15.8 

3 03 

41.0 

0.0 

10.19 


41 


10 G 

8.12 

50.0 

0.9 

30.70 

P-2 

14 

30 

13 0 


44.0 

0.2 

12.60 


35 

GO 

17.3 

6.20 

51.0 

0.0 

9.18 


27 

120 

17.1 ? 

5.68 

43.0 

0.8 

8.78 


The data as summarized in Table III did not demonstrate any consistently 
significant change in total hemoglobin, erythrocytes, and cell volume, although 
certain of the individual values were below the control level. In this entile series 
no significant changes occurred in the total or differential leucocyte count. There 
was no change in fragility to hypotonic saline or cumulation of methemoglobin 
or sulfhemoglobin. The color and volume indices remained normal, and the 
animals maintained weight. 

Additional data to that shown in Table III suggested that daily doses of 60 
and 120 mg. per kilogram may produce a temporary decrease in total hemoglobin 
and erythrocytes. Further experiments to test this are described in Series 2. 

Series 2. — Aeetophenetidin 60 and 120 mg. per kilogram. Four dogs re- 
ceived 60 mg. per kilogram of the drug per day for 70 days, and five additional 
dogs received 120 mg. per kilogram per day for 70 days. The weekly hemato- 
logic observations are presented m Fig. 3. During the administration of the 60 
mg. per kilogram dose there was a significant decrease in total hemoglobin, 
erythrocytes, and cell volume within the period of fifteen to forty days, but 
thereafter these values progressively increased and were not significantly below 
the control values at the end of the experiment. With the 120 mg. per kilogram 
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dose, a similar significant decrease in total hemoglobin, erythrocytes, and cell 
volume occurred during the period of fifteen to fifty days which was followed by 
some increase in the values. At the end of the experiment some of the values 
were below the control level, but the average values were not significantly dif- 
ferent from the control values. In both groups some increase in reticulocytes 



occurred after twenty-one to twenty -eight days, which was significant in t i,e 
mg. per kilogram group. The volume and color indices remained within noi 
limits. No significant change was observed in the total or differential leucocy^ 
counts, and there was no cumulation of methemoglobin or sulfhcmoglolnn. 
animals either maintained or gained weight. 
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Series 3 , — Acetophenelidin in large doses, Aeetophenetidin was adminis- 
tered in daily doses of 250 mg. pci* kilogram for fifteen days to one dog, and for 
one hundred days to two dogs, and m doses of 200 mg. per kilogram for seventy- 
six days to two dogs. The two experiments shown in Fig. 4 on two different 
dogs receiving 250 mg. per kilogram daily for one hundred days arc representa- 
tive. Both experiments demonstrate some effect mi the peripheral blood. The 
total hemoglobin, erythrocytes, and cell volume showed phasic decreases with a 



Fig. 4. — Effect of daily administration of aeetophenetidin m doses of 250 mg. per kiio- 
Gram on the peripheral blood of two dogs. The conventions are the same as in Fig. 2 except 
'hat time is In weeks. 


subsequent trend toward normal values. A decrease in the erythrocyte counts 
"'as associated with retieuloeytosis. Daring the phases of anemia there was an 
increased volume index and a small increase in color index. No consistent effect 
upon the total or differential leucocyte counts was observed. No cumulation of 
mcthcmoglobin or sulf hemoglobin occurred. In general the animals maintained 
gained weight. 
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Effect of Acetophenctidin on Bone Marrow . — In Series 1 the counts on 
femur imprints of the hone marrow from Dogs 26 (15 to 30 mg. per kilogram) 
and 29 (15, 30, and 60 mg. per kilogram) showed some increase in the poly- 
chromatic normoblasts with some decrease in the orthochromatic normoblasts 
resulting in no significant decrease of the myeloid-ervthroid ratio. No change 
was observed in the femur sections. However, in Dogs P-1 and P-2 in which 
the dose was increased more rapidly (progressive 15 to 120 mg. per kilogram) 
the femur imprints showed a marked increase in the pronormoblasts and poly- 
chromatic normoblasts; the myeloid-erytliroid ratio was significantly decreased 
to 0.386 and 0.549. Histologic sections of the femur also indicated an increase 
in percentage of erytliroid cells; and the cellularity appeared normal. 

The differential rib marrow counts for Series 2 are shown in Table II. 
With the 60 mg. per kilogram dose the myeloid-erytliroid ratio was 0.836 for 
the rib, and 0.768 for the femur. Some increase in the percentage of pro- 
normoblasts and orthochromatic normoblasts was evident. Femur sections 
were available on only three animals: two showed some hyperplasia, and the 
other normal cellularity. For the 120 mg. per kilogram group the average 
myeloid-erytliroid ratios were 0.935 for the rib and 1.029 for the femur. Some 
increase was evident in the percentage of all the erythroid series except ortho- 
chromatic normoblasts. The cellularity of the femur marrow appeared normal 
in three dogs, and hyperplastic in one. Compared to the effects produced by 
60 mg. per kilogram acetoplienetidin, the differential counts on the 120 mg. 
per kilogram group showed a somewhat greater increase in the younger 
erythroid series, although the total erythroid percentage increase was less. 
In both cases the myeloid-erytliroid ratios were significantly reduced. 

Bone marrow studies made on the two dogs of Series 3 shown in Fig. 4 
revealed the myeloid-erytliroid ratios to be 0.704 and 0.600 for rib smears, and 
0.514 and 0.602 for femur imprints. In both cases there was a general increase 
in the percentage of erythroid cells which was most marked in the polychro- 
matic and orthochromatic normoblasts. Both the white and red series of cells 
were complete. Histologic sections also revealed some hyperplasia with evi- 
dence of increased erythroid activity. 

III. Methemoglobin Formation. 

It has been stated that with all of the repeated single daily" dosages of 
the drugs employed in this study there was no cumulation of methemoglobin. 
This has meant that when the blood was examined twenty hours after admin- 
istration of the drugs either no methemoglobin or only traces were present. 
A sufficient dose of either aeetanilid or aeetophenetidin produces a tempoiaij 
methemoglobinemia in the dog. However, the amount of drug must e * ccc 
a certain threshold or minimal dose to produce significant amounts (i.e., • 
Gm. per 100 c.e. or twice the error of the method). According to Lester s 
data, 6 with which we are in essential agreement, the average threshold d° se 
for aeetanilid is about 20 mg. per kilogram, and for acetophenetidm it is 
little more than 30 mg. per kilogram. The average maximal metheinoglobi' 1 
formation in dogs with normal total hemoglobin values for the various doses 
of drugs used in this report have been estimated for the lower range from 1 
data of Lester, and for the higher range from our own data, and are as fot 
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BOSE MG./KG, 

ACETANIUB 

xnibGM/ioncc 

ACETOPJ1EXETIDIN 

DOSE MG./KG. MHb OM./10Q C.C. 

9 

0 l 



IS 

0,3 

15 

0,1 

36 

1 0 

30 

0.4 

72 

4 3 

00 

1.9 

144 

5.S 

120 

3.3 

200 

(5.1 

200 

4.3 


Tlie duration of the methemoglobinemia is related to the size of the dose, 
but even with the largest doses employed in these studies no mote than traces 
were present after twenty hours, and consequently no cumulation on daily 
doses was noted. The maximal amount of nietheiuoglolmi formed with the 
larger doses is dependent on the total hemoglobin concentration. 52 (A more 
complete description of our data on methemoglobin formation will appear in 
a subsequent publication.) 


DISCUSSION' 

The data on aeetanilid indicate that the daily administration of 9 or 18 
mg. per kilogram doses of the drug produce no significant effect on peripheral 
blood. Similarly the effects on peripheral blood of 36 mg. per kilogram of 
the drug daily are probably not significant, although examination of the bone 
marrow indicates a significant increase in crythropoiesis. The effects upon 
peripheral blood of 72 mg. per kilogram of aeetanilid daily are significant in 
indicating a tendency toward development of a mild anemia with some reticu- 
locytosis. This observation gams further weight due to the fact that the bone 
marrow shows a more significant increase in erylhroid activity. A moderate 
degree of anemia is produced by daily doses of 144 mg. per kilogram. The 
administration of large doses of aeetanilid, 250 mg. per kilogram daily for 
five to ten days, clearly demonstrates the production of a severe hemolytic 
anemia. When the erythrocytes, totai hemoglobin and cell volume decrease, 
there is a reticuloeytosis, an elevation of plasma bilirubin, and a marked in- 
crease in erythroid activity in the bone marrow. The appearance of an increased 
number of normoblasts as well as less mature leucocytes in the peripheral 
Mood also indicates a marked bone marrow response. The anemia is macro- 
cytic with a tendency to be hyperehromie probably due largely to the reticulo- 
cytosis. The peripheral blood picture returns vapidly to normal when admin- 
istration of the drug is stopped. Such experiments have been repeated several 
times on the same animal and indicate that no depression of marrow activity 
Occurs. The minimal daily dose tested which produced significant effects on 
peripheral blood was 72 mg. per kilogram. 

Acetophcnetidin in daily doses of 15 and 30 mg. per kilogram appears to 
produce no consistent effect upon the peripheral blood. Daily doses of 60 mg. 
per kilogram cause a mild anemia which is temporary since the peripheral 
blood picture slowly returns toward normal even with continuation of the drug. 
At the same time the bone marrow shows a significant increase in erythroid 
activity. Daily doses of 120 mg. per kilogram produce a slightly greater and 
somewhat more persistent anemia and a significant reticulocyte response. Al- 
though the bone marrow shows evidence of increased crythropoiesis the change 
is not greater than that observed on the GO nig. per kilogram close.- However, 
when the dosage is progressively and rapidly increased to 120 nig. per kilo- 
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gram there is a greater inversion of the myeloid-erythroid ratio. The con- 
tinued administration of large doses of acetophenetidin, 250 mg. per kilogram 
daily for several weeks, does not produce an anemia comparable to that ob- 
served with acetanilid. Rather the effect is a phasic decrease in total hemo- 
globin, erythrocytes, and cell volume followed by recovery. However, the 
bone marrow shows considerable evidence of increased erythropoiesis. 'When 
anemia occurred, it was macrocytic and tended to be hyperchromic. As with 
acetanilid, the evidence indicates that the anemia is of hemolytic origin. 

No significant changes in the total or differential leucocyte counts were 
observed with either drug except for the leucocytosis during the severe anemia 
produced by large doses of acetanilid. In the observations on bone marrow, 
no abnormal cells were seen, and all normal types of cells Avere present. 

Therefore, it appears that in the dog daily doses of these drugs in excess 
of 36 mg. per kilogram of acetanilid and probably 60 mg. per kilogram of 
acetophenetidin are required to produce a sustained decrease in the erythro- 
cytes in the peripheral blood. There is no doubt that sufficiently large or 
toxic doses can produce definite evidence of accelerated erythrocyte destruc- 
tion as judged by the effects on peripheral blood and responses of the hone 
marroAv. The actions of acetanilid and acetophenetidin are qualitatively similar ; 
hoAvever, acetanilid is quantitatively more active in producing a hemolytic 
anemia. This difference may be due to differences in solubility and absorption, 
or in the manner in Avliich the drugs are metabolized. 

Quantitative comparison of our data on the activity of acetanilid and aceto- 
phenetidin in producing hemolytic anemia in the dog Avith the effects of this 
activity on man cannot yet be made because of the lack of controlled experi- 
ments and bone marroAv observations on man. The best approximation, but • 
based only on total hemoglobin, is from the data of Lester 14 Avliich suggests 
that the dog may be someAvhat less susceptible to the development of anemia 
than man. On the other hand the response of the dog to acetanilid is appre- 
ciably greater than that reported for the rat 15 and the monkey, 1 although the 
qualitative effects on peripheral blood in both species and on the marroAv m 
the monkey appear similar. The hematological actions of acetanilid on pe- 
ripheral blood in the trvo dogs reported by Payne 7 are similar to ours, Avith 
the bone marrOAV shoAving hyperplasia due to an increase in both erythroblastic 
and myeloid elements. These bone marroAv findings on experimental animals 
resemble those in man in the only case report found. Lundsteen et al 4 reported 
observations on a patient avIio had taken large doses of both acetanilid and 
acetophenetidin (daily doses amounting to 1.5 6m. of each drug) ; the marrow 
was hyperplastic Avith increased leucopoiesis, megakaryopoiesis, and markedlj 
increased normoblastic erythropoiesis. 

Both acetanilid and acetophenetidin in sufficient dosage are capable of 
producing methemoglobinemia in the dog. As is Avell knoAvn, hoAvever, mef- 
hemoglobin is rapidly reconverted to hemoglobin, Avliich explains aaIiv avc f° un 
none 20 hours after administration of the drugs. It is Avorth noting that no 
cumulation occurred Avith repeated single daily doses. The dosage and 1 ®‘ 
quehcy of dosage causing cumulation in man has been discussed by Lestei . 
We have not observed the formation of significant amounts of sulfhemoglo nn 
Avith these drugs in the dog, nor any cumulation on chronic administration. 
Neither acetanilid nor acetophenetidin appear to form methemoglobin direc }, 



VAN LOOS ET AL. : U'TIONS OF ACETANUJD AND ACETOPHEXETIDIN 955 


but only after conversion in the body to other substances. It has been sug- 
gested that p-aminoplienol or phenyl hydroxyl amine may be among the inter- 
mediates. (For further discussion and references see 1G and 17.) In our 
experience p-aminophenol is capable of forming mcthcmoglobin directly and 
rapidly, and is more active in producing anemia than acetanilid or aceto- 
phcnctidin. This, of course, suggests that if p-aminophenol is formed, it can 
play a definite role in the observed hematological effects. It is quite possible 
that methemoglobinemia per se may also act as a stimulus to erythropoiesis, 
since me have shown that a reduced \cnons oxygen saturation occurs during 
methemoglobinemia." 

When sufficiently large doses of these drugs are administered to produce 
an anemia, our evidence indicates that it is of the peripheral hemolytic type 
as characterized by rcticulocytosis. increased plasma bilirubin, and hyperplasia 
of the bone marrow with inversion of the myeloid-evythroid ratio. The pe- 
ripheral blood picture rapidly returns to normal when the administration of 
the drugs is stopped. In acute experiments, splenectomy did not appear to 
influence the development of the anemia with acetanilid nor the speed of 
recovery. AVe have been able to reproduce an almost identical peripheral 
blood-and-bone marrow picture hv chrome bleeding alone. 

No definite conclusion has yet been reached concerning the exact mecha- 
nism of the hemolytic action of acetanilid and uectophenetidin. These drugs 
do not appear to be direct hemolysins in ordinary concentrations. However, 
preliminary experiments indicate that they can accelerate saponin lysis of 
washed red cells (method of Ponder 1 ') It is suit unlikely that the postulated 
metabolic breakdown products, p-nim»ophenol and phenylhydroxyiamine, may 
also be concerned in the hemolytic action. The fact that acetanilid and aceto- 
phenetidin can produce methemoglobinemia could easily lead to the speculation 
that this action may be related to the process of hemolysis. Brownlee 8 ” has 
reported increased urinary porphyrin excretion m rats following administra- 
tion of acetanilid and acetoplienetidin. The increased porphyrin excretion 
was identified as due largely to coproporphyria III. It has been suggested 
that this represents an abnormal pathway for the degradation of hemoglobin, 
possibly through inothcmoglobin. m il Rimington 5 ' has noted a correlation 
between the action of aromatie amino compounds to increase porphyrin excre- 
tion and to form methemoglobin. However, increased porphyrin excretion did 
not follow sodium nitrite administration. AVe have also noted some correlation 
between the activities of a series of aromatic amino compounds to produce 
methemoglobinemia and hemolytic anemia. The data of this report also indi- 
cate that the doses of acetanilid and acetoplienetidin producing definite hemo- 
lytic effects exceed the threshold dose for methemoglobin formation. In spite 
of these inferences, however, and on the basis of work now in progress, it is 
our view that the ability of a drug to produce methemoglobinemia and hemo- 
lytic anemia may be only coincident actions dependent on certain physical and 
chemical properties. At least the production of methemoglobin per se cannot 
be accepted as a part of the hemolytic process without more direct proof 

SUMMARY 

1. The hematological effects of a wide range of dosages of acetanilid and 
aeetophenclidin on the peripheral blood and hone marrow of dogs are described. 
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2. The chronic administration of acetanilid up to 36 mg. per kilogram per 
day caused little or no abnormal hematological changes in dogs. 

3. Large doses of acetanilid produce a hemolytic anemia with no evidence 
of depression of hone marrow. Recovery is rapid and apparently complete on 
cessation of administration of the drug. 

4. The daily administration of acetophenetidin produces the same qualita- 
tive effects, hut quantitatively the drug is less active than acetanilid. 

5. Both drugs produce a temporary methemoglobinemia when certain thres- 
hold doses are exceeded. However, in the dosage range employed, no cumula- 
tion of methemoglobin was observed with repeated daily administration. 

6. The possible mechanisms of the hematological actions are discussed. 


The authors are grateful to Dr. J. L. Sehwind of the Department of Anatomy for many 
helpful suggestions. 
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THE EFFECT OF ESTRONE <>X ANAEROBIC GLYCOLYSIS OF THE 
UTERUS OF THE RAT IN VITRO 


Beatrice M. Swkexey, Ph.D., Rochester, Minx. 


T HE study of the estrogens has s cached a stage at which their gross effects 
on organs need to be understood m terms of a fundamental change brought 
•about by these substances in the biochemistry of a single cell. Such an under- 
standing of the basic mechanism by which estrogens act not only would be of 
theoretic interest but would facilitate greatly the rational therapeutic use 
of these substances. A number of studies have been made with this in mind, 
among these a series of investigations on the effect of estrogens on the respira- 
tion <vf various tissues, particularly uterine tissue. In the following report, 
I shall deal only with anaerobic glycolysis, since it has been found that this 
process usually showed a greater and more rapid change than did the aerobic 
respiration in animals treated with estrogens, 

Kerly 1 reported that the rate at which the uterus of the rat in vitro pro- 
duced lactic acid was doubled during proestrus, ns compared with that at 
diestrus or in uteri from spayed animals. She 2 showed that the rate of ana- 
erobic glycolysis of uteri from spayed vats into which 2.5 mierograms of estrone 
in 1 per cent alcohol had been injected twenty-four to thirty-six hours pre- 
viously was double that of uteri from rats into which estrone had not been 
injected. When estrone was added to the uterine tissue in vitro, however, no 
effect of 0.1, 2 or 25 micrograms of estrone was observed. However, her ob- 
servations on the effect of estrogens in vitro were complicated by the side 
effects of the solvent. 

Carroll 5 ’ * reported a study of the effects that injection of large amounts 
(50 mierograms) of estradiol -2-propionate produced on anaerobic glycolysis 
of uteri of spayed rats, lie also found that uteri taken from animals into 
which this estrogen had been injected twenty-four hours before produced lactic 
acid anaerobically at a higher rate than did uteri from spayed controls into 
which estrndiol-2-propionate had not been injected, although the difference was 
not as great as that reported by Kerly. Endometrium and muscle of the uterus 
were studied separately and stimulation occurred in both. 

The purpose of this study was to investigate further the effect of estrone 
added to uterine tissue in vitro under anaerobic conditions and to determine 
if possible whether the increased rate of anaerobic glycolysis of uteri from 
rats treated with estrogens is a primary effect of estrogens on the cells of the 
uterus or merely a result of their otherwise stimulated condition. 

METHOD 

Rats, — The uterine tissue used m these experiments was taken from white 
y s sp ayed at the age of three months. The sensitivity of the rats to estrone 

From the Dhision of experimental Medicine, Mayo Foundation, 
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was standardized in the following way: following spaying, rats were rested 
one week, then smeared one week to determine whether spaying was complete. 
If these rats showed absence of cstrons cycles, 1 microgram of estrone in 1 c.e. 
of olive oil then was injected, according to the usual assay procedure. Only 
rats positive for this dose were used. Following a week’s rest 0.5 microgram 
of estrone was injected into these rats and only those negative for this close 
were retained. The rats were used for experiments during the following week, 
the fifth after spaying. 

Preparation of tissue. — Rats wore killed by a blow on the head. The 
uterus was dissected out immediately, slit lengthwise and placed in warm 
phosphate buffer of pi T 7.4. One horn of each uterus was used as a control 
while the substance to be tested was added to the other horn. 

Bicarbonate Ringer’s solution of the following composition : 


90 parts NaCl 
2 parts KC1 
2 parts CaCl. 

20 parts KhHCOj 
2.4 parts Glucose 10 per cent 


0.15 M. 

0.15 M. 

0.15 M. 

0.15 M. (Just acid to plicnolphflinlein) 


was measured into the experimental flasks from a storage vessel containing an 
atmosphere of 95 per cent of nitrogen and 5 per cent of carbon dioxide. 

Dilutions of estrone* were made up in bicarbonate Ringer’s solution, 0.1 
microgram in each cubic centimeter or less as a solution, higher concentrations 
as a fine suspension. f All solutions were made up with double distilled water, 
the second distillation having been carried out in a glass still. The pH of a “ 
solutions was checked at the beginning and end of each experiment with a 
Beckman glass electrode. The pH of the solutions used was 7.1 to 7 . 3 . The 
activity of the solutions of estrone was checked by bio-assay. 

Tissues were weighed quickly on a Roller-Smith torsion balance and placed 
in the experimental flasks. The flasks were attached to their manometers and 
placed in the thermostatically controlled water bath at 38 ± 0.1° C. A gas 
mixture of 95 per cent of nitrogen and 5 per cent, of carbon dioxide, freed 
from oxygen by being passed over hot reduced copper wire and saturated 
with water vapor, was passed through the air space in the experimental vessels 
for ten minutes. Vessels then were closed and readings made in the usua 

way 5 every half hour. The Q G : (the rate of anaerobic production of lactic 
acid expressed as cubic millimeters of carbon dioxide formed per horn P eI 
milligram dry weight of tissue) was calculated. Values for Q G ' in the tables 


are averages of these rates for each half hour. 

Direct determinations of the total lactic acid produced during the eX P en ■ 
ment were made by the method of Barker and Summerson. G t 


•Crystalline estrone was donated by Parke, Davis and Company. solutions 

tl wish to express my gratitude to Dr. H. L. Mason, who made up all estrone 

and suspensions. _ v Flock, under 

■ --- (stance i was 
Van Hook- 
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RESULTS 

Tiie average rate of anaerobic glycolysis of untreated uteri from spayed 
rats was 7.0 ± 1.4, a value comparable to that obtained by other workers for 
uteri of spayed rats (Kerly, 1 11; Iverhy 7 ; Carroll, 3 * 4 for endometrium only, 
6.1). The rate of production of lactic acid did not show any tendency to fall 
off during the four to six hours of the experiments. Production, of lactic acid 
determined by the direct method of Barker and Summcrson® at the end of 
the experiments averaged 23.9 - 2 3 mierograms per milligram of tissue per 
hour, which is in reasonably close agreement with the lactic acid calculated 
from the total earbon dioxide evolved from bicarbonate, 23.4 ±4.7 mierograms 
per milligram of tissue per hour. There was no evidence in any experiment 
to suggest that any substance other than lactic aeid was liberating carbon 
dioxide during anaerobic glycolysis. 

AVhen 5 mierograms of estrone in 1 e.c. of bicarbonate Ringer's solution 
were injected into rats twenty-four hours before the removal of the uterus, 


Table I 


The Rate of Anaerobic Glycolysis (Q^*> of Uterine Tissue of Stayed Eats in 
Different Concentrations of Estrone, in Vitro 


UNINJECTED RATS 


INJECTED RATS 








■WITH 

WITHOUT 

WITH ESTRONE, JtlCROCRAMS PER Cl »!C CENTIMETER 

without 

ESTRONE, 0.01 
MI PROGRAM 

ESTRONE 





ESTRONE 

PER CUBIC 


5 

0.1 

0.01 



CENTIMETER 

5.8 





0.3 


5.3 





8.4 


6.6 





10 5 

9.0 

6.6 





8.6 

S.7 

G.G 






10.9 

S.3 





11.6 


8.3 





10.4 


4.8 

C.l 






6.1 

6.0 






7.7 

7.3 






4.6 

4.4 






- 







- 

6.1 






- 

3.9 






_ 

7 7 






Cli 


5.1 





6.3 


3.9 

6.3 




6.0 



5.6 




8.7 



76 




_ 5.1 




G.2_ 



Mean 

.. 6.4 i 0.3* 

6.0 ±0.5 

4.5 + 0.0 

6 5 + 0.6 


9.5 ± 0.7 

9.5 + 0.7 


23, 


•The numbers after the plus or minus signs are standard errors of the respective means. 

These are calculated by the formula S.E. = -yj ttln-l} m whicij x re presents the successive 

v »riates in the sample, x the mean of the sample and n the number of variates. 
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the Q of the uterus was about 35 per cent higher than in similar tissue 
from spayed controls, the difference tending to be greater during the first few 
hours of the experiments than later. However, the Q q : of uteri treated in 

vitro with a number of concentrations of estrone (Table I) was not signifi- 
cantly different from that of untreated uteri, even at the end of six hours. 

Decrease of sensitivity of the uterine cells to estrone during the fifteen 
to thirty minutes necessary for dissection and preparation of tissue probably 
does not account for the absence of effect of estrone in vitro, since injection 
of 0.1 and 0.01 microgram directly into the uterus before dissection was also 
ineffective. 

It was thought possible that the failure of estrone to increase the Q g : 

in vitro was caused by the absence of some necessary supplementary factor. 
A number of substances, succinate, malate, indole-acetic acid and standard 
chorionic gonadotropin, were added in the presence of estrone (Table II), but 
no such effect could be observed. If a supplementary substance exists, it was 
thought possible that this might be present in rat plasma. No evidence for 


Tabi.e II 

The Effect of Substances Other Than Estrone With and Without Estrone Added is 
Vitro on Q or Uterine Tissue of Stayed Eats 


control uteri 


UTF.RI WITH OTHER SUBSTANCES 


WITHOUT 







WITH ESTRONE 





ESTROXE 





without 

WITH 



COXCEX- | 
T RATI OX, ; 

SUBSTANCE 

COXCEXTRATIOX 

ESTROXE 

ESTROXE 

X. 



MICRO- 

GRAilS, 



<v 

<v 



TER C.C. 




— 

3.1 

3.9 

5 

Succinate 

.0001 M 

6.1 

5.S 

4.8 

6.1 

5 


.0001 M 

8.0 

72 


1 ' — 


Malate 

.001 M 

9.1 

9.2_ 

6.1 

6.5 

5 

lndole-3-acetic acid 

lO/mg./l 

6.7 

5.2 

7.4 




10 I.U./c.c. 

6.4 


6.6 


5 

Standard chorionic 

10 I.U./c.c. 

6.0 

6.1,3-' 

6.3 

3.9, 5.1 


gonadotropin 

10 I.U./c.c. 

- 

3.4 

4.3, 6.1 

8.7 

7.6 



0.1 I.U./c.c. 

2.6 

6.0 

5.6 



0.1 I.U./c.c. 

4.9 

7.5 

5.1 

6.2 



0.1 I.U./c.c. 

7.0 

6.6 

7.4 




0.01 I.U./c.c. 

S.O 


6.3 

5.1, 3.9 

0.1 


0.01 I.U./c.c. 

- 

2.8 

7.4 




0.001 I.U./c.c. 

6.4 

___ __ — — - 



0.01 

Plasma of unin- 

3 c.c. 

S.O 

6.S 



0.01 

jeeted rats 


13.1 _ 





Plasma of rats in- 







jeeted with 5 
micrograins 


S.4 _ 




0.01 

estrone 

3 c.c. 




Plasma of rats in- 







jeeted with 50 


11.0 

S.6 



0.01 

micrograms 
] estrone 

3 c.c. 
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the presence o£ such a factor in plasma from rats in which estrone had not 
been injected or from rats into which large doses of estrone had been injected 
twenty-four hours before was obtained. 

Carroll ’" 1 found that, when tissues were weighed at the end of an experi- 
ment, considerable error could he introduced through loss of particles of tissue 
into the medium. However, he used much smaller amounts of tissue than 
those used in these studies. If the absolute values for Q q ! are perhaps too 
high because of this error, there proved to he no difference in the percentage 
dry weight between treated and control uteri, 18.8 per cent as compared with 
18.9 per cent. 

The rate of anaerobic respiration of uterine tissue either with or without 
estrone showed great variability. This would seem to be inherent in the tissue 
rather than in the method of measurement since the determinations of iaetie 
acid agreed fairly well with manometiic readings. Small variation of experi- 
mental conditions may he at fault, also This large variation possibly may 
obscure a small effect of estrone m vitro, in no way comparable to the large 
increase of the rate of production »f lactic acid in uteri from animals given 
estrone by injection. 


COMMENT 

•Since estrone in any concentration used failed to incieasc the Q jhof uterine 
tissue when treated in vitro, it seemed likely that the increase of Q which 
was observed after injection of estrone into the whole animal either must 
depend on the presence in the tissues of some accessory substance brought 
there as a result of the injected estrone or must he due to a change of the 
nature of estrone itself or of the uterine cells which does not occur in vitro 
and probably requires time. That accessory substances necessary for action 
of estrone on the uterus are not present in the plasma of uninjected or injected 
rats was shown. Furthermore, experiments by Emmons 7 which show that 
estrone in minute amounts produces estrus in spayed animals when injected 
directly into the vagina, suggest that it is not necessary for estrone to enter 
the circulation to bring about its effects. This makes the necessity for the 
release of accessory substances from tissues other than the uterus itself unlikely. 

It would seem, then, that either estrone as such is inactive on uterine 
tissue or that the changes of the rate of anaerobic glycolysis observed after 
injection of estrone are the result of some other change or series of changes 
in tile cells of the uterus and cannot be assigned a primary role in the mecha- 
nism of action of estrogen. 


summary 

A series of concentrations of estrone in bicarbonate Ringer’s solution was 
found not to have any effect on the rate of anaerobic glycolysis of uterine 
tissue of spayed rats in vitro. The lack of effect of estrone was not changed 
hv tiie presence of a number of different substances. 
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CLINICAL CHEMISTRY 


STUDIES ON THE INGESTION OP LARGE QUANTITIES OP 
PROTEIN AND AMINO ACIDS 


Altaed U. Fake, Ph.J)., and Jack R. Leonards, Ph.D., Cleveland, Ohio 


T HE role of proteins in the dint has been appreciated and stressed for a long 1 
period of time. Rubncr 1 some forty years ago pointed out that man cannot' 
live on lean meat alone because of the limitation of the apparatus of mastica- 
tion. This same idea is maintained m current textbooks of physiology 2, 3 which 
suggest that the limitations are due to those of digestion and absorption. It is 
appreciated that certain Eskimo tribes may subsist for long periods on diets 
of meat and fish, but in these foods the fat component is relatively high. Re- 
cently the effect of large quantities of protein in the digestive tract has received 
attention by reason of the fact that following massive gastrointestinal hem- 
orrhage there is a considerable increase in the urea nitrogen content of the 
blood . 4 ' 6 

The question of the superiority oi amino acid mixtures over protein in the 
dietary management of certain pathologic conditions has attracted consider- 
able attention. There is some feeling that orally administered amino acid mix- 
tures might be superior to similar quantities of dietary protein , 7 * 3 although the 
actual demonstration of such a superiority has not been made. 

The present report describes studies carried out in two normal human 
subjects in whom comparable massive amounts of whole blood proteins, muscle 
proteins and amino acid mixtures were ingested orally. One objective of these 
studies was to compare the efficiency of the gastrointestinal tract in handling 
protein and in handling amino acids. A second objective was to get a better 
understanding of the effect of massive amounts of digested protein on blood 
and urine urea and blood amino acids. It was felt that the effect of massive 
gastrointestinal hemorrhage on blood urea could better be understood and 
evaluated with such information available. 

METHODS 

The experiments reported here consisted essentially of studying the changes 
in blood and urine during and following the ingestion of large amounts of 
meat, blood, and amino acids. The amount of nitrogen consumed in each case 
was of the same order of magnitude. This quantity represented the maximum 

... JT rom the Department of Biochemistry, School of Medicine. Western Reserve Univer- 
sity, Cleveland, Ohio. 
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amount of meat that could be voluntarily consumed over a period of approxi- 
mately eight hours. The blood and amino acids were ingested over a compar- 
able time interval. The meat was ground lean horse meat and was baked with- 
out addition of any other materials. The fresh whole beef blood was obtained 
from a local packing house and was immediately defibrinated and chilled. In 
this form it was quite palatable and was ingested in the same manner as one 
would drink milk. The solution of amino acids represented a casein hydroly- 
sate foi’tified with tryptophane.® This solution was taken orally in the same 
way as the blood. The amount of nitrogen in each of the materials was de- 
termined by chemical analysis. The authors served as the experimental sub- 
jects. Their weights were 80 kg. (F) and 75 kg. (L). The meals on the day 
before each experiment were chosen so as to contain a minimum of protein, 
and in addition no food was consumed for eighteen hours prior to. and eighteen 
hours following, the experiment. The experiments were conducted about two 
weeks apart. 

A blood sample was obtained in the fasting state and at 1, 3, 5, 8, 11, 16, 
24, 33, and 48 hours after the beginning of the experiment. The blood was 
allowed to clot and the serum was analyzed for amino acid nitrogen, urea, and 
protein. A control urine sample was obtained for a tlirce-liour period before 
starting the ingestion of the food materials and at frequent intervals for 48 
hours thereafter. Urine samples were analyzed for urea, and the maximum 
urea clearance was calculated for each interval. The determination of urea 
in blood and urine was carried out by the colorimetric method described by 
Ormsby.” Rerum amino acid nitrogen was determined by the colorimetric 
method of Folin as modified by Danielson. 10 This method was adapted to the 
use of the Evelyn photoelectrie eolorimeler by simple dilution of the final color. 
Plasma protein and all total nitrogen determinations were carried out bymicro- 
Ivjeldahl distillation procedures. 


RESULTS 

The maximum amounts of protein which each subject could higest as 
ground baked meat were 480 grams (F) and 320 grams (L). This amount of 
food, representing 5% and 3% pounds of fresh meat, respectively, ingcstei 
over eight hours produced some gastrointestinal discomfort characterized 1)} 
a sense of abdominal fullness. One subject (F) was able to ingest the same 
amount of protein in the form of blood (2.250 e.c. of whole blood) althong 
the general abdominal discomfort produced by the blood exceeded that ob- 
tained with the meat. The second subject was able to ingest, only 85 per cent 
as much protein in the form of blood as in the form of meat over the same 
time interval. Both subjects readily agreed that the amino acid mixtiue uas 
much more disagreeable than either the meat or blood. One subject (b) iat ^ 
a severe attack of vomiting midway in this experiment so that total intake o 
amino acids was about half that of meat protein. The other subject was ai® 
to ingest a quantity of amino acid nitrogen equal to that ingested as b ° 0 ^j 5e 
meat, but regards the experience as an extremely disagreeable ordeal- 1 
gastrointestinal distress resulting in both subjects from amino acid mges 


•Frederick Stearns & Co., Detroit, Mich. 
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\ras not due to the taste of this mixture which many persons do not like. A 
slight amount of diarrhea was obtained in one of the subjects (L) following 
blood and amino acids, but not in the other subject although prevention of 
a bowel movement required considerable voluntary control. A considerable 
diuresis was obtained in all of the experiments. 



Ffe. l — Changes In blood urea nitrogen, following the oral ingestion of meat, blood, or amino 
acids. Data on subject F Who ingested 480 grams of protein or amino acid mixture. 



Fig. 2. — Changes In serum amino acid nitrogen following the oral ingestion of meat, blood, or 
amino acids. Data on subject F who ingested 480 grams of protein or amino acid mixture. 

The changes in blood urea nitrogen and blood amino acid nitrogen for 
subject F obtained following the ingestion of blood, meat, and amino acids are 
indicated in Figs. 1 and 2. It will be seen that a comparable increase in blood 
amino acid nitrogen occurred following the ingestion of each of the three test 
substances although there was a lesser rise with the meat. The changes in 
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blood urea nitrogen were also comparable following the ingestion of blood, 
meat, or amino acids, with the amino acid mixture causing a slightly greater 
increase in blood urea nitrogen. The urinary urea nitrogen excretion in this 
subject is indicated in Table I. The ingestion of large amounts of proteins or 
amino acids caused a great increase in urea output in the urine. Calculations 
of the urea clearance indicate that there was a considerable increase in urea 
clearance during the height of the urea excretion in all three experiments. 
The total urea nitrogen excretion for forty-eight hours following the ingestion 
of the 76.8 Gm. of nitrogen in the form of meat, blood, and amino acids was 
59.4 Gm., 72.1 Gm., and 71.1 Gm., respectively. Thus it appears as though 
most of the nitrogen derived from the proteins ingested was excreted as urea 
in the first forty-eight hours. 


Tabu- I 

Urea Excretion and Urea Clearances Following the Oral Ingestion of 
Meat, Blood, or Amino Acids 


TIME INTERVAL 

TRINE UREA NITROGEN EXCRETION 

UREA CLEARANCE 


HOURS 

GRAMS PER HOUR 

C.C. PER MINUTE 




MEAT 

BLOOD 

AMINO ACIDS 

MEAT 

BLOOD AMINO ACIDS 

-3 

- 0 

0.78 

0.93 

0.72 

77 

73 

70 

0 

- 2 

0.60 

1.05 

0.62 

05 

75 

50 

o 

- 4 

o.so 

1.25 

0.04 

62 

76 

61 

4 

- 8 

l.uf> 

2.20 

1.43 

SI 

112 

60 

8 

-11 

2.30 

2.1S 

2.43 

07 

103 

05 

11 

-16 

2.17 

2.35 

2.62 

02 

105 

100 

16 

-24 

1.47 

1.70 

1.90 

75 

S2 

S3 

24 

-33 

0.02 

1.18 

1.27 

60 

70 

67 

33 

-48 

0.7S 

1.00 

0.07 

64 

74 

70 


The plasma proteins were determined at intervals following the ingestion 
of amino acids. The values obtained were 6.8, 7.0, 6.9 and 7.1 Gm. per 100 e.c. 
at 0, 11, 33 and 48 hours, respectively. This does not represent any signifi- 
cant change. Electrophoretic studies of the serum proteins were also carried 
out to determine whether any of the protein fractions were changed. h° 
changes were found.® 

The results of the studies obtained on the other subject (L) were siniilai 
to those that have been presented for subject (P). The changes in amino acn 
nitrogen and blood urea nitrogen level of the blood were almost identical w 
the two subjects for the three test substances, the meat giving a lesser rise m 
serum amino acid nitrogen in both subjects. The blood urea nitrogen increase 
following amino acid ingestion was somewhat less than that obtained m su ’ 
ject (P) undoubtedly due to the fact that only about one-half of the anionn 
of the amino acid nitrogen was ingested. Maximum urea clearances were w 
creased with all three test substances and almost all of the ingested niti ogcu 
was excreted as urea nitrogen in the urine. 


DISCUSSION 

The authors agree with the statements made in texts of physiology 
suggest that a man cannot readily meet his daily caloric requirement h} 
ingestion of lean meat. The fact that hydrolyzed amino acids cannot e !I 

♦The electrophoretic studies were carried out by Lt. C. L- SanClemente, to 
authors are deeply grateful. 
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gcsted in quantities exceeding that of protein indicates that the limiting factor 
is not one of mastication as Rnlnier 1 originally suggested. Neither is it one of 
digestion, since the amino acids do not require digestion, but rather it is the 
rate of intestinal absorption that defines the maximum intake of protein or 
amino acids. The high osmotic pressure of the amino acid mixture undoubt- 
edly greatly retards its gastric emptying. The authors have observed that a 
quantity of glycine as small as 50 6m. is only very slowly emptied from the 
human stomach, 50 per cent of this quantity remaining at the end of three 
hours. In three subjects this amount of glycine caused considerable nausea 
and gastrointestinal distress of the same nature as that obtained with the amino 
acid mixture. 

The blood urea clearance figures indicate that there is an actual increase 
in the maximum clearance as well as in the amount of urea excreted. These 
results are in accordance with the observations of Jolliffe and Smith 11 on dogs 
and Longlcy and Miller 12 in human beings, in which it was found that high 
levels of protein intake elevated urea clearance values. Study of the data in 
Table I indicates that the rate of urea excretion is from 2.5 to 3.6 times as 
great during the time that the blood urea level is increased. This great in- 
crease in the rate of excretion of urea by the normal kidney is quite important 
in minimizing the extent of blood urea elevation. In an individual with some 
impairment of renal function it is apparent that, if the kidney could not in- 
crease its rate of urea excretion, the blood urea level would show a much 
greater rise. The same effect would tend to be observed following massive 
gastrointestinal hemorrhage where the functional efficiency of the kidney is 
decreased as a result of diminished blood pressure. The mechanism of the rise 
in blood urea following digestion of large amounts of protein or following 
severe hemorrhage is undoubtedly different from that observed by Myers 13 in 
patients with chronic peptic ulcer. 

The value for the blood amino acid nitrogen levels, for the blood urea 
nitrogen levels, and especially for the urea excretion and the maximum amount 
of the substance that could voluntarily be ingested indicate that the over-all 
processes of digestion, absorption, and metabolism of muscle proteins as com- 
pared with blood proteins are approximately the same. Furthermore the data 
obtained following the ingestion of the amino acid mixture provide further 
evidence that the controlling or limiting factor is the rate of intestinal absorp- 
tion. These results raise a definite question as to the efficacy of orally admin- 
istered amino acids and their possible superiority over dietary protein. If 
there is an inadequacy of pancreatic proteinases to accomplish the hydrolysis 
of dietary protein, then orally administered amino acids might be of advantage. 
On the other hand, the osmotic pressure of amino acid mixtures is many times 
as great as that of protein and for this reason they have an irritating effect 
on the gastrointestinal tract. From the experience with normal subjects it 
would appear that under almost all circumstances protein would be more 
readily tolerated by the gastrointestinal tract than amino acids. Obviously 
the utility of intravenously administered amino acids is in no way concerned 
hi this discussion. 

One purpose of this investigation was to determine whether or not the 
azotemia following extensive gastrointestinal hemorrhage may be used to 
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evaluate the extent and duration of the bleeding. Attempts have been made 
to utilize the blood urea nitrogen levels as diagnostic and prognostic aids. 6 ’ “■ ,6 
The value of such attempts has also been disputed. 17 In one experiment de- 
scribed in this report 76 Gm. of protein nitrogen in the form of blood were 
ingested, but never as much as 3 per cent of this nitrogen appeared in the 
blood at any one time as increased blood urea nitrogen. If one assumes equal 
distribution of urea in all of the body water the quantity of increased urea 
nitrogen is always less than 20 per cent of the nitrogen ingested. It is readily 
apparent that the increase in blood urea nitrogen is influenced by factors other 
than the amount of blood in the gastrointestinal tract. These may include 
differences in the rates of digestion, absorption and metabolism of protein as 
well as differences in renal efficiency’ in different normal subjects. The latter 
factor would be even more important in patients following extensive hemor- 
rhage due to variable decreases in blood pressure. Thus it would appear as 
though the measurement of the blood urea nitrogen level is an extremely crude 
method of ascertaining the extent of gastrointestinal bleeding, since the extent 
of elevation is a function both of the amount of protein digested and of the 
rate of urea excretion. The latter factor is subject to wide variations. 

The data on urine uvea nitrogen excretion in Table I indicate that the urea 
excretion is a good index of the amount of protein metabolized, particularly 
if some attention is also directed toward blood urea levels. It is readily ad- 
mitted that any blood protein that is lost by vomiting or by diarrhea will not 
be detected by studies of the urea content of urine. The extent of hemorrhage, 
lioAvever, will be much more accurately evaluated by urine and blood studies 
than by blood studies alone. Sufficient information can be obtained if two 
complete 24-hour urine collections are made and the total urea nitrogen is 
determined. This figure multiplied by the factor 6.25 will give an index of 
the amount of protein metabolized, particularly if it is known that the blood 
urea has not changed greatly during this period. Corrections for any increase 
in blood urea nitrogen are readily calculated assuming that urea is equal!} 
distributed in all of the body water. From the amount of protein metabolized 
it is possible to calculate the amount of blood that would have to be digested 
to supply this quantity of protein. Deductions should be made for any dietary 
protein ingested during the period. It would appear that this method, al- 
though subject to certain limitations, gives a more reliable estimate of the 
extent of a gastrointestinal hemorrhage than any of the methods in use at tin 
present time. 


SUMMARY AND CONCLUSIONS 


1. Maximum amounts of blood, muscle meat, and amino acid mixture w cm 
ingested over an eight-hour period by two normal human subjects. Studies 0 ^ 
blood urea, blood amino acids, urinary urea excretion, and urea cleat anees 
were carried out. 


2. The rate of intestinal absorption appears to be the limiting ac .° 
in determining the amount of protein or amino acid mixture that can 
gested. The normal gastrointestinal tract more readily handles large affl0 ”j ) . g 
of unliydrolyzed protein, than it does equivalent amounts of amino aeids. 
raises a question as to whether amino acids have any advantage in alinien * 
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over unliydrolyzed dietary protein, especially when relatively large amounts 
are administered and when pancreatic proteinases arc present in adequate 
amounts. 

3. The variations in the blood levels of urea nitrogen and amino acid nitro- 
gen were similar after the ingestion of the two proteins and the amino acid 
mixture. 

4. Maximum urea clearances, as well as urinary urea excretion, were in- 
creased following the consumption of amino acids and proteins. 

5. The extent of a gastrointestinal hemorrhage can be more accurately 
evaluated by urine and blood urea determinations than by blood studies alone. 
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THE SIGNIFICANCE OF THE pH IN THE GOLD REACTION 


Carl Lange, M.D., and Albert H. Harris, M.D., Albany, N. Y. 


T HE satisfactory performance of tests that represent modifications of the 
original gold reaction 1 requires an understanding of the effect of the pH of 
the milieu on the character of the curves. If the pH is outside the relatively 
narrow optimum range, the results of tests will he vitiated. At the time that 
Zsigmondy published his work on the so-called ‘ ‘ gold number, ’ !2 and when the 
original paper concerning the gold reaction appeared in 1912, the pH was not 
then taken into consideration. No trouble attributable to the pH, however, was 
encountered so long as the original technique employing Zsigmondy’s formol 
gold was followed, because, fortunately, the pH happened to be in the optimum 
range. Early modifications aimed at technical simplification involved replace- 
ment of the formol gold, since the preparation was claimed to be too difficult 
for clinical laboratories. This difficulty, encountered by many laboratory work- 
ers in the preparation of formol gold, was actually the only safeguard for the 
maintenance of an adequate pH of the milieu in the original gold reaction, as 
batches of colloidal gold satisfactory in appearance were certain to he proper!} 
adjusted with regard to the pH. When the formol gold was replaced ky 
modifications, these safeguards were lost. 

Now that the significance of the pH in the gold reaction is understood 
the use of gold sols of varying pH is possible, provided the milieu in which the 
reaction takes place is properly adjusted. The variations in the pH of 
three reagents taking part in the reaction — cerebrospinal fluid, diluent, an 
gold sol — and the effect on the pH of the milieu will be analyzed first. 

THE pH OF EACH OF THE THREE REAGENTS 
The pH of freshly collected cerebrospinal fluid is 7.4, that is, almost neu^ 
tral. Unless loss of carbon dioxide is prevented, the pH rises markedly m^< 
few hours. The pH of mailed cerebrospinal fluid is usually about S.4 to 
a reaction sufficiently alkaline to disturb the pH of the milieu. 

The pH of the diluent is of far greater importance, since this reagent 
be made to stabilize the reaction in the optimum range. In the origins 
reaction, 0.4 per cent saline was used in preparing the serial dilutions o 

From the Division of Laboratories and Research, New York State 
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brospinal fluid. The pH of saline is about 5.7 to 6.0, a markedly acid reaction, 
due to absorption of carbon dioxide from the air. Tlie pH of scrum diluted 
ivith saline remains unchanged in the lower dilutions, since the highly concen- 
trated protein acts as a buffer, while in higher dilutions the low pn of the 
saline exerts an effect. On the other hand, this buffering effect is negligible in 
cerebrospinal fluids normally containing only traces of protein and the pH 
may vary in serial dilutions from 8 G to 5 7. 

Reducing agents other than formol have been used in the preparation of 
gold sols, and have yielded hydrogen-ion concentrations differing markedly 
from the gold sols prepared with formol. Since the reduction with sodium 
citrate introduced by Borowskaja' is the most satisfactory, discussion will he 
confined to this type. The sensitivity and appearance of citrate gold sols vary 
widely, depending on the concentration of the alkaline sodium citrate used to 
reduce the acid gold chloride. Stable gold sols can be prepared with sodium 
citrate concentrations varying from 1:1,000 to 1:15,000. With decreasing 
concentrations of the alkaline sodium citrate there is, of course, a decrease in 
the pH, while the sensitivity of the gold sol increases. There is no sharply 
restricted optimum pH for the reduction The reaction, however, must be 
acid, since no reduction occurs at or above the neutral point. Borowskaja used 
a high concentration of the sodium citrate, namely 1 :2,000. The resulting gold 
sol, which for convenience may bo called “citrate gold 1:2,000,” is extremely 
“hard,” that is, insensitive. The pH is about C.O by potentiometric determina- 
tion. Saline is used as a diluent. 

In the quantitative gold reaction, of which a detailed description has been 
given in a previous publication, 4 “citrate gold 1:10,000” is used, the pH of 
which is, of course, even lower, namely 4.8 to 5.0. This “softer” citrate gold, 
however, exhibits the same optimal sensitivity as formol gold. The marked 
acidity is of no consequence, because the final pH of the milieu is regulated by 
buffers. 

The optimal sensitivity of gold sols is directly dependent not only on the 
dispersity of the sol itself hut also on the pH of the milieu. If a gold sol 
that is too hard, such as that of Borowskaja, is used in a milieu of correct pH, 
that is, 7.4, the results are inferior because the sol is too insensitive. If, on 
the other hand, the sensitivity of a gold sol that is too hard is raised by a pH 
of the milieu that is too low, the results of the gold reaction may be rendered 
definitely false, as indicated by the occurrence of false paretic curves subse- 
quently discussed. In short, only through a combination of an optimal sensi- 
tivity and an optimum pH of the milieu can best results be reproduced. 

EXPERIMENTAL DETERMINATION OF THE OPTIMAL pH OF THE MILIEU 

The optimal pH of the milieu depends to some extent on the sensitivity of 
the gold sol. It is determined in the following experiments on the basis of a 
sensitivity believed to be optimal, and that, in addition, can be reproduced with- 
out difficulty. The technique of the quantitative gold reaction* is employed. 
The term quantitative is applied since the principle of the reaction involves 
the use of a gold sol of constant and optimal sensitivity and the maintenance of 
a constant and optimal pH of the milieu through strong phosphate buffers. In 
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tSum of the 10 color values read with color standard ; expresses strength of reaction. Values range front 0 red to 10 blue, to 20 colorless. 
A marks the maximum reaction obtained by reading after two hours. 

V ‘Meningitic" now called "hematogenous type” indicating the passage of blood colloids Into the cerebrospinal fluid. 
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these experiments presented in Table I, buffers of varying pH but of uniform 
molecular strength were used. 

Citrate gold 1 :10,000 was employed because through its use the reproduc- 
tion of correct gold sols was remarkably easy. In order to eliminate the del- 
eterious effect of aging, use of this gold sol was restricted to a period of one 
week. There were no disadvantages in following this precaution, because the 
gold sol is not only easily prepared, but is exceedingly inexpensive. This tech- 
nique, which can be readily adopted in any competent laboratory, was followed 
in these experiments (see Table 1 ) The results were read with the help of 
an easily prepared gold color standard and were in this way objectively recorded. 

A few readily duplicated experiments suffice to demonstrate the detrimental 
effect of an excessively low pH on the results of the gold reaction. Experiments 
1 and 2 show the striking effect of such a slight change of the pH as from 7.2 
to 7.0, on the reaction between gold sols and purified hemoglobin solution, the 
isoelectric point of which lies at about 6 8 to 7.0. No. 3 demonstrates the reac- 
tion of a normal cerebrospinal fluid in the quantitative gold reaction, while Nos. 
4 and 5 show the reaction of the same cerebrospinal fluid after the addition of 
1:100 volume of hemolyzed human blood. When the milieu is adjusted to pH 
7.4, the blood has a weakening effect, while at pH 6.5 a fundamental change in 
the character of the curve appeal’s, No. 5 is an example of a “false paretic 
curve.” It exactly counterfeits a true paretic curve, but it is technically false, 
and can be easily avoided by the maintenance of an adequate pH. This is of 
great practical importance in the examination of fluids containing small amounts 
of blood that have been accidentally introduced during the tap and have be- 
come hemolyzed. No. 6 exemplifies the typical “shift to the right” or so-called 
“meningitic curve” occurring at a pH of 7.4 with cerebrospinal fluid from a 
case of meningitis. No. 7 shows the effect of a low pH, 6.2, on the same cerebro- 
spinal fluid. In this case, even in the absence of hemoglobin with its high 
isoelectric point, occurrence of the most dangerous type of false reaction is 
demonstrated. It is obvious that the value of a paretic curve becomes nil if, 
of all types of the gold reaction, this most important one is polluted with a 
considerable percentage of technically false paretic curves. The appearance of 
paretic curves in purulent meningitis constitutes the acme among false reac- 
tions since, of the protein patterns indicated by the distinguishable types of 
the gold reaction, those encountered in paresis and in purulent meningitis ex- 
hibit in every respect the maximal difference. 

It has thus been demonstrated that false paretic curves may be elicited by 
a pH that is too low. The higher the pH of the milieu, the greater the safe- 
guard against “false paretic curves.” Above pH 7.4, however, the strength 
of the reaction decreases unfavorably. Accordingly, pH 7.4 was selected as 
optimum. It is safely above pH 7.0, the danger zone in which hemoglobin may 
render the results of the colloidal gold reaction entirely misleading. It is note- 
worthy that this pH, 7.4, is optimum for the reduction of Zsigmondy’s formol 
gold sol. 

DISCUSSION 

The pH of the milieu has been shown to he of great importance. The pH 
of the cerebi’ospinal fluid and gold sol is significant only in systems in which the 
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pH of the milieu is not adjusted, as is the case when saline is used as a diluent. 
When strong buffers are employed, the pH can lie fixed at the optimum value, 
regardless of the particular pH values of the cerebrospinal fluid and gold sol. 
Modifications of the original gold reaction that do not include a satisfactory 
regulation of the pH can be shown to yield erroneous results. The obtaining 
of a so-called paretic type of curve in the examination of a specimen from a 
case of purulent meningitis is evidence that the technique employed is worse 
than valueless. Experiments described in this paper indicate that such results 
may be elicited by a pH that is too low, and experience has shown that they 
occur only when the pH is unsatisfactory. In more than -thirty years, using 
at first the original gold reaction, which is only a qualitative test, and later 
the quantitative gold reaction, 4 the senior author has never observed anything 
suggesting a paretic type of curve in cases of purulent meningitis. The regula- 
tory mechanisms governing the pH in these two techniques have been explained. 
The pH of the milieu in the case of the original gold reaction was not fixed and 
constant, since buffers were not used; however, the pH usually remained in a 
range high enough to assure good results. When too low, the appearance of 
the sol was obviously wrong. The quantitative gold reaction requires buffers 
to maintain a constant pH at the optimum level. The pH in modifications of 
the gold reaction in which it is not taken into consideration is usually incorrect, 
either owing to the use of gold sols that are themselves acid, or to the acidifying 
of gold sols in order to increase their sensitivity to a satisfactory level. 5 The 
combination of inherently acid gold sols and a saline diluent leads to erroneous 
results; the magnitude of error is restricted, however, since the fall in pH 
is limited. Error in the highest degree may be encountered in all modifications 
in which acid is added to gold sols in order to increase their sensitivity; under 
such circumstances the pH of the milieu is certain to be inadmissibly low. While 
inherently acid gold sols may yield optimal results in combination with buffers 
that insure the correct pH; buffers cannot be used for this purpose when gold 
sols are acidified according to the Krebs principle, since adequate sensitivity of 
the inadequate gold sol is obtained only by adjusting the reaction at a pH fm 
below the optimum for the test itself. The fact that satisfactory results cannot 
be obtained under such circumstances is convincingly demonstrated by tl |C 
occurrence of “false paretic curves.” 


SUMMARY 

Optimal and reproducible results of the gold reaction depend to a laig e 
extent on a constant and optimal pH of the milieu. The alkalinity of ccie 
brospinal fluids or the acidity of gold sols can affect the pH of the milieu un 
favorably only if saline is used as a diluent. Strong buffers are superior^” 
every respect, because they serve to maintain a uniform and correct pH. 
optimal pH of the gold reaction is 7.4, provided that an easily prepared ciHa® 
gold sol of constant and optimal sensitivity is used. A pH of the milieu 1 
is too low causes erroneous results. An inadmissibly low pH may easi j 
detected in unsatisfactory modifications of the gold reaction by the app eaian 
of false paretic curves in purulent meningitis. 
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A RAPID AGGLUTINATION TEST FOR THE DIAGNOSIS OF 

TULAREMIA 


Samuel R. Damon, Ph.D., and Mary B. Johnson, B.S., Montgomery, Ala. 


T HE diagnostic laboratory, in setting np routine agglutination tests, is not 
infrequently requested to include in the scries the PasteureUa tuforcnsis 
antigen. The results of such tests arc generally read and reported after an 
incubation period of 18 to 24 hours, although it would he an advantage in many 
eases if the report to the physician could he made eai'licr. 

In our experience it has been observed that definitive results with the P . 
Udarcnsis antigen can he obtained almost immediately. This is accomplished 
by setting ,up the routine series of serum dilutions — in this laboratory y i0 , Vs a, 
Vico, and %ao — and adding the same antigen used in the test tube agglutina- 
tion. The tubes are then shaken vigorously, by hand or in a Kahn shaker, for 
four or five minutes and read. 

For the sake of comparison we have recorded the immediate results of the 
“shake test’’ and parallel incubated tests after the usual 18 to 24 hours. Thus 
far the degree of reaction observed has been identical, not only in the routine 
dilutions but in the final titer of the serum, except in a fetv instances where a 
slightly stronger reading has been obtained following the overnight incubation, 


Table I 

P. Tularensis Agglutination Obtained by the Rapid and Conventional Methods 


SPEC. 

NO. 

SHAKE TEST 

TITER 


titer 

14o 


mm 

i 6 »o 


mm 

Ugo 

BBS 

75 

4+ 

44 

44 I 

44 

44 

1420 

■ a . 

44 

44 

44 

4+ 

106 

4+ 

44 

44 j 



44 

44 

44 

44 

44 

jfeoo 

44 

H?S«0 _ 

44 

14.100 _ 
Not deter- 
mined 

162 

4+ 

44 

44 

44 

44 

Vioon 

44 

4+ 

44 

44 

279 

4+ 

4+ ! 

4+ 

44 

44 
' Ksoo 

44 

44 

44 

44 

499 

a 

44 

44 

44 

Not deter- 
miner! 

44 

44 

4+ 

.. J 

44 

585 

3+ 

2 + 

~ j 



44 j 

24 

mm 

- 



3436 

4+ 

3+ 

14 

55 


44 

34 

B 


**44 ~” 

IjjjjL— • 

C. C. 

4+ 

44 

44 

44. 

44 

Vatn 

44 

44 

44 

44 

It. G. 

44 j 

44 

44 

44 

4-i- 

%120 

44 

44 

44 

44 

4+ 

16120 


4+ 

44 

44 

44 

44 

Haso 

44 

44 

44 

44 

Vim _ 
44 

Mr,r,o .. 

s.s. 


4-f 

44 

44 

44 

14dco 

44 

44 

44 
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c.g., a 3+ lias become 4-h In no instance has any degree of reaction been ob- 
tained in an overnight test when the results of the “shake test” were com- 
pletely negative. 

Table I gives typical results obtained by both procedures, together with 
the final titers of the sera. Ail the specimens were from human sources ex- 
cept one, which was from an. experimentally infected dog. 

CONCLUSION 

Reliable agglutination results in suspected cases of tularemia may be ob- 
tained almost immediately by the technique described. 



A SIMPLE INEXPENSIVE APPARATUS FOE TIIE STERILE 
LY OPHILIZATION OF SMALL AMOUNTS OF MATERIAL 


Carl. U. Derxkhl, M.JX, c Madero N. Bader, D.Y.M.,° Galveston, Texas, 
and Luis II. Bartlett, M.S. (Eng.),! Austin, Texas 


T HE Department of Preventive Medicine and Public IleafUi of the University 
of Texas has been conducting researches on Rickettsial diseases for the past 
four years; this work has required the use of a large number of laboratory 
animals. In the past, all strains of our passages were kept in guinea pigs and 
rats. Because of the expense involved, however, another method was sought 
for preserving these strains. It seemed desirable to try lyophilizing tissues, 
but we did not feel justified in purchasing a lyophilic apparatus. Me de- 
veloped, therefore, a setup capable of drying small amounts of material which 
is simple in design and construction; its cost is negligible. 

The apparatus is made entirely of Pyrex glass so that cleaning and 
sterilization may be done with dry heat. The design decided upon requires 
only the simplest of glass blowing and offers no great difficulties in construc- 
tion. With it, from 2 to 5 e.e. of material can be dried in three to five hours’ 
time, depending on the amount of tissue left in suspension. The material to he 
dried is ground in a mortar; alundum is used whenever necessary. Sterile 
skimmed milk is added and the whole is thoroughly mixed. Two to five cubic 
centimeters of this mixture is put into the drying tube and placed in the 
lyophilic apparatus. "When alundum is used, ihc material is centrifuged or 
strained through four thicknesses of gauze before it is put into tubes. 

The apparatus is illustrated in Fig. 1. Its assembly requires (1) a 500 nil- 
round bottom flask with three 24/40 standard taper necks; (2) three 24/40 
standard taper inner connections with one of them having an inner extension, 
(3) a Pyrex glass stopcock; (4) a 29/42 standard taper inner and outer con- 
nection; (5) a straight walled Pyrex vacuum bottle having a diameter of !•> 
cm. and a depth of 25 cm.; (6) a laboratory pump supplying adequate vacuum, 
and (7) a standard drying tower. 

‘ CONSTRUCTION 

The inner 29/42 connection is sealed to one end of a piece of 2u mm ' 
Pyrex glass tubing 20 cm. long, and the 24/40 connection with the innei ex 
tension is sealed to the other end. The inner connection is cut off 3 cm. i° 
the ground glass joint so that it will project a short distance into the 
when the apparatus is assembled. The glass tubing is bent to form a ‘ ^ 
gree angle in such a way that there are no constrictions to obstruct t !C 1 
flow of air. The outer 29/42 connection is then sealed off at its distal on 

•From the Department of Preventive Medicine and Public Health. Univcrsitj of 
Medical Branch, Galveston. Texas. 

tFrom the Bureau of Engineering Research. University of Texas, Austin, 
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that il forms a cup 13 cm. deep A 15 cm, test tube ■when placed. in this cup 
extends a short distance up into the muer 29/42 connection when the two are 
joined. 

A short piece of Pyrex glass tubing then sealed onto another 24/40 in- 
ner connection and bent at a right angle to act ns n connection to the vacuum 
pump. A Pyrcx glass stopcock is scaled to the end of another 24/40 inner con- 
nection and serves as a means ot attaching a manometer to the system and as a 
means of releasing Ihc vacuum when so desired 

The connection to the pump is made through a short length of heavy 
walled rubber pressure tubing having an inner diameter no less titan the 6 
nun. opening of the vacuum pump The connect ion to the manometer is also 
made with rubber pressure tubing of «m.»H bore 



operation 

After the application of a thin layer ot stopcock grease to ail joints, the 
three 24/40 inner connections are put into place in the 500 ml. flask; the joint 
having the inner extension is placed m the center neck The rubber connections 
are made and the flask is placed in the vacuum bottle and packed in dry iec. The 
material to be dried is placed in & 15 cm. test tube with a 12 nun. diameter and 
is frozen to the walls by being rotated at an angle in a dry ice-acetone freezing 
mixture. The tube is then placed at once in the cup formed by the 29/42 con- 
nection and attached to the apparatus. The pump is started and drying is 
begun. 
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After an adequate drying period, the pump is shut off and air which has 
been passed through both a drying tower packed with calcium sulfate and 
through a sterile cotton filter, is slowly allowed to enter the system through the 
stopcock. After the vacuum is released, the test tube is removed from the ap- 
paratus and closed immediately with a close fitting sterile rubber vial cap. A 
sterile needle, attached to the vacuum pump through a length of rubber tubing, 
is put through the rubber cap and the tube is again evacuated. The needle is 
rapidly withdrawn and the stoppered end of the tube is plunged at once into 
melted paraffin to seal any possible leaks. 

Subsequent re-solution of the material in the same sterile container without 
contamination from outside air can be accomplished by simply injecting through 
the rubber stopper any desired amount of diluent. If small amounts of the dry 
material are removed, the rest may be preserved if a fresh sterile cap is used 
and evacuation is done as before. 

The utility of the apparatus is increased if a second manifold, which al- 
lows the use of ampules, is made in the following way: A 20 cm. piece of 20 
mm. Pyrex tubing is sealed to a 24/40 standard taper joint having an inner ex- 
tension. The inner extension is cut off as before and a right angle bend is made 
in the tubing. The end of the tube is sealed off and two side arms of 8 nun. 
Pyrex tubing are sealed into the manifold to allow for the attachment of two 
ampules. The manifold is placed in the center neck of the 500 ml. flask and the 
ampules are attached by means of a short length of close fitting pressure tubing. 
After dehydration is complete, the ampules are sealed off by means of a gas- 
oxygen flame. 

Since difficulty was experienced in sealing the ampules while evacuated, 
it was decided to fill the ampules with nitrogen gas. This was accomplished 
by filling a spirometer of sufficient volume with nitrogen and attaching the 
spirometer to the lyopliilization apparatus by a length of rubber tubing lead- 
ing to the stopcock in the 500 ml. flask. A layer of mineral oil on top of the 
water in the spirometer keeps the gas fairly dry. The stopcock is then opened 
slightly and the gas is slowly allowed to replace the vacuum. When the gas 
passes through the flask, any water present is removed. After the vacuum is 
neutralized, the ampules can be sealed without any difficulty. 

SUMMARY 

The construction and operation of an apparatus suitable for the stei ile 
lyopliilization of small amounts of material is described. 



AN IMPROVED RESTRAININ'*; DEVICE FOR HEMATOLOGICAL 
AVORK WITH RATS AND .MICE 


Cr, C Casper. B A . Rochester, N. Y. 

I N OUR laboratories considerable difficult)' has been experienced in restrain- 
ing small animals like rats and mice for routine blood examination. Various 
devices such as special boxes, glass test tubes, wrapping in towels, etc., have 
been used in the past. These methods have in general proved cumbersome or 
time consuming and some did not ban* .sufficient flexibility to accommodate 
animals of different sizes. 





mmm 


Flu. i. — Two itit boxes and two mouse boxes are shown, as well as a number of cones of 
■various «uzes 

Because of the rather large number of rats and mice involved in our work, 
die necessity for an improved method of restraining the animals became acute. 
Therefore a number of cones of cellulose acetate (washed x-ray films) were 
wound on a tapered wooden form having the large diameter sufficient to ae- 

«. i *>Om the Department of Radiology. School of Medicine and Dentistry, University of 
Uachester, Rochester, N. Y. 
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commodate the largest rat used, with the taper approximately the same as the 
average rat and the smaller open end of such a size that the animal’s head 
could not emerge. A number of cones of various diameters were assembled to 
allow some selection for animals of different sizes. Transparent scotch tape 
proved to be more satisfactory for holding the cones together than did cements 
which were first tried. Experience soon showed that a length of about 7 inches 
was sufficient to hold any laboratory rat in our stock. A shallow, open topped 
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Most of the animals enter the cone willingly when it is presented; once they 
enter, the cone is tipped so that the mumal has to climb. Then the loaded cone 
is placed in the wooden holder and counts are made. The boxes are covered with 
a waterproof paint so that the\ are easily cleaned with soap and water. 

A simple holder has been described which greatly facilitates the handling 
of small animals such as rats and mice for hematological work. One great 
advantage is that the technician can perform the whole procedure without as- 
sistance. 



A CANNULA FOR MEASURING INTRATIIORACIC PRESSURE 


K. G. Wakim, M.D., and W. D. Gatch, M.T)., Indianapolis, Ind. 


I T IS sometimes important to measure the intralhoracic pressure and follow 
the changes in its magnitude during both inspiration and expiration under 
various experimental conditions. The apparatus and method described below 
yield uniform results. The apparatus is simple and can be used continuously 
during an experiment. The cannula can be introduced repeatedly, because of 
its small caliber, without leaving a leak in the thoracic wall at the end of sev- 
eral observation periods. We have used it on dogs and obtained very satisfac- 
tory results. 

The Y-shaped cannula, shown assembled in the top diagram of Fig. 1, con- 
sists of the following parts: a trocar in the form of a needle control valve («)> 
knurled packing control (b), rubber packing (g), housing for needle control 
valve (c), knurled adjustment nut (d), and a sponge rubber washer (e). The 
portion of the cannula that is introduced through the thoracic wall into the 
pleural cavity is about one inch in length and one-sixteenth of an inch in di- 
ameter. In the bottom diagram of Fig. 1, the sectional view of the cannula 
demonstrates its connection with the intrathoracic cavity at the black arrows. 
The white arrows demonstrate the continuity of the intrapleural space with the 
lumen of the apparatus and rubber tubing (/) , which connects with a watei 
manometer not shown in this diagram. The U-shaped water manometer to be 
used with this apparatus should have long arms in order to provide for ample 
excursions of negative and positive variations in intrathoracic pressure. The 
water in the manometer may be colored with a blue or red dye to facilitate ac- 
curate reading of the pressures. 

The shaft of the cannula with the tip of the trocar in its lumen is intro- 
duced into the intrapleural cavity through an intercostal space, preferably close 
to the upper border of a rib near the middle of the lateral wall of the thorax. 
The depth can be regulated by the use of one or more sponge rubber washeis 
(e), and by the knurled adjustment nut (d), both of which are anchored to the 
chest wall by four skin sutures as seen on the anterior view of the knurled nu ■ 
After introduction of the shaft of the cannula into the pleural space, the troeai 
is pulled out as far as the grooved mark, thus establishing an airtight communion 
tion between the thoracic cavity and the manometer. A T-connection shoe < 
be placed in the tube leading to the manometer to provide a means for intio u 
ing 50 c.c. of air into the pleural space to facilitate registration of the m ^ 
thoracic pressure. Several lateral perforations are made in the part ot ie 


From Indiana University Medical School, Indianapolis, Indiana. 
Received for publication. May 25, 1944. 



. Fie. 1. — The top diagram shows the Y-shaped cannula assembled. The middle diagram 
j/i v « t^e constituent parts, and the lower diagram gives a sectional view of the cannula when 
11 is in operation for recording intrathoracic pressure. (Drawing made by J. F. Giore. ) 

cannula which is introduced into the pleural cavitj T in order to maintain con- 
tinuity between the thoracic cavity and the manometer which otherwise might 
be interrupted by contact of the long surface with the terminal hole during the 
expansion of the lungs. 



A MODIFIED PIPETTE FOR PROTHROMBIN DETERMINATIONS 


F. L. Muxro, Ph.D., Philadelphia, Pa. 

W E HAVE frequent]}' encountered difficulty in pipetting small amounts of 
reagents into test tubes such as are used in the Quick method for pro- 
thrombin determination. If the tip of the pipette is placed near the top of 
the test tube, the reagent has to run down the length of the tube, noth the 
result that a considerable part of the 0.1 c.e. of reagent used is lost. On the 
other hand, if the tip of the pipette is placed near the bottom of the test tube, 
there is a tendency for the reagent to form a him between the pipette and the 
test tube wall, again resulting in the loss of material. 



Fig. 1 . 


We have found that these difficulties may be overcome by drawing out ant 
bending the tip of the pipette as shown in the diagram. With a pipette so 
modified, the tip may be placed near the bottom of the test tube without the 
formation of a film and the loss of fluid is negligible. 


From the Charlotte Drake Cardeza Foundation, Division of Hematology, VeporWe 
Medicine, Jefferson Medical College and Hospital. 
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CHEMICAL 


LABORATORY TESTS OF THE OXIMETER WITH AUTOMATIC 
COMPENSATION FOR VASOMOTOR CHANGES 


Major Allan Hemingway,® Air Corps, A.U.S., and 
Captain Charles B. Taylor, Medical Corps, A.U.S. 


'TUIE two-filter oximeter as designed by Millikan 1 is an instrument for meas- 
A uring the per cent saturation of t lie blood hemoglobin with oxygen. The ap- 
paratus consists of an earpiece, a small control box, and a galvanometer. The 
earpiece is clamped on the ear and the apparatus is standardized while the sub- 
ject breathes pure oxygen. After standardization, the per cent saturation of the 
blood hemoglobin with oxygen can be read from the galvanometer scale at any 
time. For case and convenience, this method lias considerable advantage over 
the chemical analytical method since it requires no arterial punctures and 
gasometric analyses. Furthermore, the value of the oxygen saturation can be 
obtained instantaneously, without a wait of twenty or thirty minutes for the 
results of a chemical analysis. At the present time this method has found its 
main use in the altitude indoctrination program, but its use can be extended 
to experimental human physiology and to operating room procedures. 

The earpiece of the oximeter contains a small lam]) placed on one side of 
the ear and two photoelectric cells on the other. Special Wratten filters are 
placed in front of each photocell. One filter (called the green filter) transmits 
light which is absorbed by both reduced and oxygenated hemoglobin, while the 
other filter (the red filter) transmits light which is absorbed by reduced hemo- 
globin. Light passing through the ear passes through the respective filters and 
is received by the photocell. The photoelectric current from the photocell with 
the green filter is inversely proportional to the total amount of hemoglobin plus 
oxyhemoglobin (ear thickness), while the photoelectric current of the red-filter 
photocell is inversely proportional to the amount of reduced hemoglobin in the 
light path. In the older instruments five galvanometer scales were used, the 
choice of scale depending on the reading of the green filter photocell. When 
vasoconstriction or vasodilation occurred in the ear, it was sometimes necessary 
*° change from one scale to another during an experiment. In a more recent 
m odification, an improvement lias been made in which a single scale is used 
and the circuit has been changed to allow automatic adjustment for vasomotor 
changes. The details of the revision are given by Millikan . 1 Since the changes 
111 the circuit involved some approximations which would reduce accuracy, it 
yas ne cessary to perform a series of calibration experiments. 

*On leave of absence from the Umveislty of Minnesota. 
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METHOD 

The oximeter circuits used are shown in Fig. 1. The photocells of the 
earpiece are designated by G (green) and R (red). A small panel box con- 
tains the potentiometers and the dpdt switch. When Coleman earpieces 
(Coleman Electric Company, Maywood, 111.) were used, a Leeds and North- 
rup type E galvanometer 2500b (CDRX 10,000 ohms and sensitivity 0.0005 
microamperes per millimeter at a scale distance of 1 meter) was found to have 
more than the required sensitivity and performed satisfactorily (see oximeter 
circuit A ) . Another oximeter circuit B was identical with circuit A except that 
in place of the high-sensitivity galvanometer, a direct-current amplifier was 
used with an Esterline- Angus recording milliameter having a sensitivity of 1 
milliampere full scale. With circuit B a written record of the changes in oxygen 
saturation was obtainable, whereas with circuit A it was necessary to take gal- 
vanometer readings visually. A record from the recording oximeter is shown 
in Fig. 2 which illustrates the changes in per cent oxygen saturation of the 
blood when a subject breathing 100 per cent oxygen is changed to 8 per cent 
oxygen plus 92 per cent nitrogen and then returned to 100 per cent oxygen. 



OXIMETER "A’ OXI METER "B" 


Fig. 1. — The two oximeter circuits used are identical except that the circuit IJJj. 
galvanometer” has a d’Arsonval galvanometer to indicate blood oxygen saturation ^ 
ant * .JJl e circuit labeled “EA Recorder” uses a direct-current amplifier and an Esterline-A b 
1 milliameter recorder. 

The electrical operation of this circuit is described in detail by Millikan. 
The setting of the potentiometer P is determined by setting the galvanometei 
at zero in midseale and moving the sliding contact of the 500-olim (red filtci 
photocell) potentiometer R to zero. The dpdt switch is thrown to S, and 
is adjusted until the galvanometer reads full scale. The switch is then 
thrown to tlie F position and P is adjusted until the galvanometer, now dc 
fleeting in the opposite direction, reads exactly % of the reading in the S P os) 
tion. Once P is set it remains fixed for all readings. 

The oximeter scale reads from 50 to 100 per eent on a logarithmic sea ®. 
In operation the galvanometer is adjusted to the scale zero (50 per cent on 
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scale) and the “neutral filter” is placed in the earpiece. The apparatus is 
allowed to “warm up” for twenty minutes until thermal equilibrium is attained. 
The switch is thrown to F and G is adjusted until the galvanometer reads 100. 
The earpiece is then clamped on the subject’s ear and allowed to remain for 
fifteen minutes until thermal equilibrium on the ear is attained. The subject 
then breathes 100 per cent oxygen, the switch is thrown to S, and potentiometer 
/? is adjusted until the galvanometer again reads 100. 

In testing the instruments, aviation students were used. They were fitted 
with oxygen masks and allowed to breathe pure oxygen while the preliminary 
standardization was being made. The breathing mixture was then changed to 
8 per cent oxygen plus 92 pel* cent nitrogen. The oxygen content of the blood 
fell progressively as indicated by Pig. 2, and when the per cent saturation had 
reached 65 to 70 per cent, a sample of arterial blood was drawn under oil from 
the femoral artery. Oxygen content and oxygen capacity were determined by 
the Van Slyke manometrie method and the per cent saturation computed. In a 
few experiments two samples of arterial blood were drawn, the first when the 
subject was breathing 100 per cent oxygen and the second when he was breath- 
ing 8 per cent oxygen. 



Fig 2. — Record from recording oximeter. At the time indicated by A, the subject who 
'yas breathing 100 per cent oxygen was changed to 8 per cent oxygen plus 02 per cent nitrogen. 
At B the reverse change back to 100 per cent oxygen was made. In the inteival A-B, the 8 
Per cent oxygeni02 pei cent nitrogen was breathed 


RESULTS 

The results are plotted graphically in Fig. 3. The electrical values read 
from the instruments arc plotted on the abscissa, and the chemical values, ob- 
tained b.v computation from Van Sl.vke analyses, are plotted on the ordinates. 
Values obtained from oximeter A arc plotted in Fig. 3 in the graph with "gal- 
vanometer” on the ordinate. Values for oximeter circuit 7> are in the graph 
With "BA recorder” in the ordinate. The line at 45° in the grapli indicates 
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identical values. The two lines above and below indicate regions of ±2 per cent 
and ±5 per cent. It is to be noted that agreement within ±5 per cent is obtained 
for 89 per cent of the values using oximeter A and 83 per cent of the values 
using oximeter B. In all, 37 experimental tests were performed. 


o 



50 60 70 60 90 100 

galvanomctcr 

DEFLECTION 



TOTAL NO BETWEEN % 

NO t 5% t 5% 

37 33 69.18^ 

NO BETWEEN % 

± 2 % ± 2 % 

16 43.24*7, 


TOTAL NO BETWEEN *!o. 
NO t 5% 15% 

36 30 63 33 

NO. BETWEEN % 

12 % 12 % 

16 44.4% 


EA RECORDER 


Fig. 3. — The galvanometer readings are plotted on the abscissa and the corresponding 
chemical oxygen analyses on the ordinate. For exact agreement, the points should fall on u 
heavy middle line sloping at 45°. 


DISCUSSION 

The agreement between the electrical and chemic'al values is approximately 
the same for both types of oximeter. It had been anticipated that the high- 
sensitivity galvanometer method (A) would give closer checks with chemical 
analyses than the amplifier method ( B ) due to the general unsteadiness with 
high amplification. The results show that this expectation was unwarranted 
and that the recording method gives values which agree well with the d’Arsonval 
galvanometer values. 

It is believed that in this method of testing agreement of better than a 
per cent between electrical and chemical methods is not possible. There aic 
certain random errors inherent in the method of testing which would account 
for a discrepancy of 2 to 5 per cent even if the oximeter gave the correct 
instantaneous values. These errors are the following : 

a. Errors in Chemical Analyses . — The Van Slyke manometric method f Ql 
blood oxygen is capable of giving duplicate values for oxygen content vinci 
agree within 0.5 per cent in the absolute value. The duplicates for oxygen 
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capacity arc not as reliable but most of the values agree within 1.5 per cent. 
In terms of per cent saturation, the duplicates will have a maximum error of 
2 per cent (in oxygen saturation) and usually check within 1 per cent. Also 
the Van Slykc method measures total blood oxygen, while the oximeter, record- 
ing the amount of reduced hemoglobin, measures only hemoglobin oxygen. 

b. Changing Oxygen Content of Blood . — When subjects breathe S per cent 
oxygen plus 92 per cent nitrogen, there is a progressive fall in arterial oxygen 
content with the rate of fall varying from one individual to another. Super- 
imposed on the more or less regular rate of fall of blood oxygen, there arc 
fluctuations caused by deep and irregular breathing due to the carotid sinus 
stimulation. It requires thirty seconds to one minute to draw a sample of 
arterial blood, and in this time interval the arterial content varies in an amount 
equal to 1 to 5 per cent of the saturation value. The sample of blood in the 
syringe will represent an almost unpredictable average since it is drawn from 
the artery at rates which may vary. 

c. Error of Simultaneous « Sampling — This error, which is probably small 
and is estimated to be less than 1 per cent, is the error involved in simultaneity 
of oximeter readings and blood sampling. Since the blood oxygen content is 
changing during the period in which blood is withdrawn, an exact record of the 
oximeter readings in this period is necessary. 

When these three sources of error arc considered, it is possible to have a 
discrepancy between analytical and oximeter oxygen saturation values in an 
amount as high as 5 per cent if the oximeter recorded the true oxygen value. 
These errors are inherent in the method of testing and are not errors due to 
faulty performance of the oximeter. The over-all average values differ by less 
than 1 per cent. For these reasons the error involved in using the oximeter 
is believed to be well within the value of 5 per cent which can be considered 
as a maximum. 

SUMMARY 

The Millikan type oximeter witli automatic compensation for ear thick- 
ness has been tested by chemical analysis of arterial blood drawn from subjects 
breathing a mixture of 8 per cent oxygen and 92 per cent nitrogen. Agreement 
within ±5 per cent was obtained for values of oxygen saturation as low as 60 
per cent. Two instruments were tested and found to give similar values. One 
instrument used a d’Arsonval galvanometer and the other a recording milliam- 
eter with a direct current amplifier. 

reference 

1. Millikan, G. A.: The Oximeter, an Instrument for Measuring Continuously the Oxygen 
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MODIFIED KOCH PIPETTE FOR CARR-PRICE REAGENT DISPENSER 


D. B. Parrish, M.S., and M. J. Caldwell, M.S., Manhattan, Kan. 


I N THE Carr-Price method of determining the Vitamin A content of blood 1 
and other biological materials, difficulty is often experienced due to the 
reaction of the reagent with atmospheric moisture. If the antimony trichloride 
reagent is allowed to come in contact with the water vapor of the air, the inner 
surface of the delivery pipette soon becomes encrusted with the reaction prod- 
uct ; hence special precautions must be observed in the use of the reagent. 



CaCl z 




Nig. 1 . — Modified Koch pipette for Carr-Price reagent dispenser. 

From tlie Kansas Agricultural Experiment Station. Contribution No. 290, 
of Chemistry. 
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Recent publications of Oscr et al. 2 and Swain* have described special 
apparatus for dispensing the reagent. The difficulties encountered in handling 
the Carr-Price reagent have been largely eliminated in our laboratory by the 
use of the modified Koch pipette shown in Fig. 1. 

The pipette is built around the three-way, large-bore (3 mm.) stopcock 
which will deliver 9 c.c. of reagent in approximately two seconds. The reser- 
voir of about 200 c.c. capacity is connected to the under side of the stopcock 
by means of a 180° bent tube, which also serves ns a settling chamber. The air 
breathing into and out of the pipette has been predried by passage through 
a calcium chloride tube and is in equilibrium with the antimony trichloride 
solution in the reservoir. The pipette will remain free of hydrolyzed products 
indefinitely. Fresh solutions of the reagent arc introduced by funnel into the 
top of the reservoir, which is closed by means of a ground glass fitting, con- 
nected to a calcium chloride tube. 

In use, the pipette is supported on a ring stand directlj' above the reaction 
cell in the photometer. The rapid delivery of 9.0 c.c. of reagent to 1.0 c.c. of 
the chloroform solution of vitamin A insures adequate mixing. After delivery 
of the reagent, a filter paper is touched to the delivery tip to remove the 
residual drop of solution. The tip is kept submerged in chloroform when the 
apparatus is not in use, and remains clean 

Since all parts of the apparatus which come in contact with the antimony 
trichloride solution are of glass, there is little chance of contamination. A 
good grade of stopcock grease used in moderation prevents leakage and has 
not been observed to interfere with the determination. The fact that' the 
reagent may be allowed to remain in the apparatus from day to day results 
in considerable convenience and saving of time 

REFERENCES 

1. Kimble, M. S.: The Photocolorimetric Determination of Vitamin A and Carotene in 
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2. Oser, B. L., Melnick, D., and Pader, M.: Estimation of Vitamin A in Food Products, 

Ind. Eng. Chem., Anal. Ed. 15: 724, 1941. 

3. Swain, Lyle A.: A Carr-Price Reagent Dispenser, Ind. Eng. Chem., Anal. Ed. 16: 241, 
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length of the specimen. The sides must be low, so that the light reflected from 
the top and bottom edges of the sides and refracted through the solution will not 
form streaks in tire field of the picture. 

BACKGROUND 

We have described our use of colored backgrounds in detail in another 
publication. 1 We are convinced that their use not only gives pleasing results 
but also aids in the visualization of the structures intended to be portrayed; 
but in no situation are the results more striking than in the photography of 
small specimens. Briefly, we use an illuminated box with the lights at the 
bottom ; the specimen, in this case the tank containing the specimen, is placed 
on a plate glass above. About 6 inches below the upper glass plate a colored 
glass is inserted. The color of the background varies not only with the color of 
the glass and the strength of the lights beneath it, but with the intensity of the 
incident light on the specimen. 1 

PHOTOGRAPHIC EQUIPMENT 

Any equipment which takes satisfactory color pictures with fresh speciriiens 
can be used in this method. A large aperture (f:4.5) lens is necessary for 
focusing when a scale of x 1 or x 2 is desired. Proper lamps, 3200° Kelvin, 500 
W, in reflectors for Kodachrome type. B film are indispensable for good color 
rendering. We use 3*4 by 4*4 inch film because we think the better results 
more than justify the additional expense over miniature film. 

EXPOSURE 

When the specimen is twice the diameter of the photo-electric cell of the 
usual exposure meter or larger, 1 here is no difference between obtaining the 
proper exposure in this from ordinary color photography. If the specimen is 
small, the exposure can be obtained with reasonable accuracy by placing the 
palm under the plate glass beneath the specimen. In any case, while measuring 
exposure the lights of the illuminated box must be turned off. 

A few specimens with which we have worked require slight modifications 
from the method mentioned. 


EYES 


Rarely does one desire to photograph the outside of an enucleated eye. I‘ jX ' 
ternal pathology is better photographed on the patient before the eye is removed. 
Cross sections are exceptionally difficult to make without dislocating the lens 
and otherwise disturbing anatomic relations; good sections are practically im- 
possible on a fresh eye. The following method usually gives good results, but 
even with the utmost care one will sometimes displace or entirely dislodge the 


The eye is fixed in formalin for 24 to 48 hours and washed in water. Ovei 
a period of 24 hours it is then put in ascending strengths of alcohol, starting m 
50 per cent and ending with 95 per cent. Then a single cut section is mace, 
slightly above the level of the outer edge of the iris. The specimen is then eau 
fully lowered into alcohol for several hours of additional hardening. The as 
section, parallel to the first, is then made. 
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BRAINS 

Many pathologists prefer to fix brains immediately upon removal. Cer- 
tainly a fresh brain is not easy to handle and, if cut into, anatomic details may 
be obscured. Good results may be obtained if the brain is cut in four or five 
days, and the sections for photography are placed in alcohol. Since wc have no 
tank large enough for a complete brain section, we either wash the specimen in 
water after it is removed from the alcohol and photograph it as we would a 
fresh specimen, or we keep it moist with alcohol, by the use of a dropping bottle, 
while it is on the plate of our box. The latter method is often to be preferred 
because some specimens become grayish after washing in water. 

The successful photography in color of brains after fixation is probably 
the result of the small range of color in this organ. However, tlie delicate colors 
of meningeal purulent exudates are not too well preserved so that if possible 
such brains should be photographed while fresh. 

OTHER ORGANS 

External views of kidneys are fairly good after fixation. Sometimes the 
details of speckled lesions, such as in embolic nephritis, show up even better 
than in the fresh state, although the color of the renal tissue itself may not be 
exactly as it was when fresh. Sections of the spleen may be difficult to photo- 
graph fresh especially if, as in lcuecmia, they develop a film of coagulation on 
exposure to air. In such cases a section about 1 cm. thick may be fixed for 24 
hours, a thin slice cut off the top and then treated as above. Fixed hearts give 
mediocre results. AVe have never obtained even a passably good picture of a 
fixed lung. 

REFERENCE 

1. Beitcr, J. J. f and Boh rod, M. G.: Transillummated Color Backgrounds in Medical 
Photography, -T. Biol. Phot. A. In press. 
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Hypertension and Hypertensive Disease. By William Goldring, M.D., As- 
sociate Professor of Medicine, New York University College of Medicine; 
Chief, Nephritis and Hypertension Clinic, New York University Clinic; 
Physician to the Adult Cardiac Clinic and Associate Visiting Physician, 
Third (New York University) Medical Division, Bellevue Hospital; Visit- 
ing Physician, Goldwater Memorial Hospital, and Herbert Chasis, M.D., 
Assistant Professor of Medicine, New York University College of Medi- 
cine; Associate Chief, Nephritis and Hypertension Clinic, New York Univer- 
sity Clinic; Physician to the Adult Cardiac Clinic and Assistant Visiting. 
Physician, Third (New York University) Medical Division, Bellevue Hos- 
pital; Cardiologist to the French Hospital. The Commonwealth Fund, 
41 East 57th Street, New York 22, New York. Price $3.50. Cloth with 
253 pages. 

The purpose of this book is a “concise presentation of our (the authors’) 
concepts of hypertension' and hypertensive disease.” It is recognized that “such 
a book must contain some dogmatism. ’ ’ The discussions of the possible identity 
of essential and experimental renal hypertension, of the uses of thiocyanate and 
nephrectomy, of the origin of hypertension in renal ischemia — to all of which 
they are opposed — vigorously sustain this purpose. The interest of these dis- 
cussions is dulled by the insertion of beautifully printed tables — for instance, 
Tables 17 and IS — which abundantly and uselessly confirm points clearly stated 
in the text. The sections devoted to treatment are not completed by specific 
recommendations which might be of value to those less expert than the authors. 

Throughout, the text is well written, and wherever it has held fast to the 
authors' intention, the presentation is excellent. When, to complete the argu- 
ment, they find it desirable to stray from this purpose, concepts are introduced 
which, because of brevity, are necessarily incomplete, and therefore, sometimes 
misleading. The reader must carefully disentangle the serious opinions of 
the authors from the opinions they here attribute to others. The appendix con- 
tains descriptions of the measures they use for determination of cardiac output 
and renal function, and a discussion of the interpretation of renal functional 
data which should interest investigators in this field. 

The student or clinician who would like to know the special point of vie " 
held by the authors will find it clearly presented in this book. Their experience 
and contributions have made that opinion well worth knowing, and worth} 
also of the dignified format selected by the publishers. The promise of a moie 
rounded survey, implied in the title and suggested by the jacket blurb is n° ! 
fulfilled. This, however, was not the authors’ intention. 

r 

Irvine H. Pace, H.D. 
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Heart Diseases. By Paul Dudley "White, M.D., Lecturer in Medicine, Har- 
vard Medical School; Physician to the Massachusetts General Hospital, 
Boston. Third Edition, The Macmillan Company, 60 Fifth Avenue, New 
York. Price $9.00. Cloth with 1025 pages. 

Tlic new edition of this hook maintains the high standards of the two 
previous editions. It is a skillful, comprehensive survey of diseases of the 
heart. Rapid advances in cardiology since the publication of the second edition 
in 3937 have necessitated a thorough revision Significant alteration and aug- 
mentation have been made so that the book is larger than previously. A no- 
table addition is the new first chapter on "The Range of the Normal Heart.” 
Other important added sections include those on phonocardiography, recent 
knowledge concerning splanchnic resection for hypertension, a discussion of the 
surgical therapy of the patent ductus arteriosus, newer aspects of the treatment 
of subacute bacteiial endocarditis, and an adequate and clear presentation of 
the present knowledge of precordial leads. Other new sections include intra- 
cardiac thromboses, pulmonary embolism, circulation of the blood and the cardiac 
aspects of military service, gastrointestinal diseases and miscellaneous conditions. 

The book contains more illustrations than the previous edition. These are 
very well arranged. One of the most \aluable features is the extensive and 
carefully chosen bibliography which follows every chapter. For a textbook 
covering «a subject so full of details as cardiology, very little of importance has 
been omitted, although obsolete and unimportant material has been excluded. 

A very worth-while chapter is the Addendum in which the author briefly 
presents information of current importance accumulated since the main body 
of the manuscript was sent to press. The volume is admirable for the clarity 
with which it is written and is highly recommended. 

Edward Masses, M.D. 

The Analysis and Interpretation of Symptoms. By Cyril M. j\IacBryde, As- 
sistant Professor of Clinical Medicine, Washington University School of 
Medicine; Director, Metabolism Division, Barnes Hospital, St. Louis, Mis- 
souri, J. B. Lippincott Company, Philadelphia. Cloth with 301 pages. 

In textbooks of medicine it is customary to present pictures of disease with 
combinations of symptoms which, taken together, enable the reader to recog- 
nize the conditions at the bedside. Merc recognition, however, docs not neces- 
sarily imply understanding. It may be only through the analysis of each com- 
ponent manifestation that disease can be truly understood. Moreover, in the 
field of therapy mere recognition of a clinical entity is practically sufficient 
only when a specific remedy is available. In the absence of a specific remedy, 
treatment must depend upon the relief, of individual symptoms, deep under- 
standing of which is essential to effective management. For these reasons alone 
Analysis and Interpretation of Symptoms reprinted in book forms from Clinics, 
1944, constitutes an important contribution. In the introduction the editoi 
outlines admirably the purposes of the volume. lie emphasizes that the analysis 
and interpretation of a symptom must depend primarily upon understanding 
of functional pathology, while its correlations with other clinical and labora- 
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tory manifestations and its relations to other diseases, although important, must 
be given secondary consideration. Nine subjects are discussed. It is appro- 
priate that four of them relate to pain, the most common and troublesome of all 
clinical phenomena. The selection, as examples, of headache and of thoracic, 
abdominal, and joint pain permits wide scope in discussion. There is an ex- 
cellent chapter on fever and a challenging discussion of nervousness and fatigue. 
Cough and hemoptysis are considered in their relation to various parts of the 
respiratory tract. Hematemesis and melena are competently considered both 
from the standpoint of their pathogenesis and their clinical relationships. There 
is a most stimulating chapter on obesity and a short but comprehensive dis- 
cussion of jaundice. 

Although in general the selection of topics has been fortunate, it is obvious 
that only a very few of the symptoms which are appropriate for similar treat- 
ment have been considered. f It is to lie hoped that these valuable and interesting 
discussions may be used as a nucleus for a more comprehensive book on the 
analysis and interpretation of symptoms. 


David P. Bark, M.D. 
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THE PROGNOSTIC SHlNJKH’ANCK OK AN ELEVATED 
BLOOD CREATININE 


Victor C. Myers. Pii f>.. D.Sc, Cimkuxo, Ohio 

tT IS now thirty years since it was first observed that the creatinine of the 
1 blood is markedly elevated in eases showing severe impairment of renal inw- 
tion. Since the initial observations were made n number of controversies have 
arisen involving not only the validity of the dctermnuition itself but also the 
interpretation which can justly be placed upon the results obtained. It is 
believed that we now possess sufficient facts and a sufficiently long perspective 
to adequately evaluate the accuracy and clinical importance of this deternnna- 

tion. , , . . 

Before entering upon a discussion of the creatinine of the blood it may >c 
well to indicate some of the most fundamental facts regarding Croat, ne-ercaUmne 
metabolism. Polin' was the first to show that the amount of creatinine excreted 
in the urine by a normal individual on a meat-free diet is qm c in open cn 
Of either the amount of protein in the food ov the total nitrogen m the imne 
the amount excreted from day to day being practically constant, thus pom mg 
conclusively to its endogenous origin. Creatinine is the anhydride ot creatine 
and one might assume on a priori grounds that oreatme i* the precursor of 
creatinine. However, this was questioned by no less an authority than holu 
himself. The origin of creatine was even more obscure, although logic mid some 
experimental data suggested that arginine might be the pmunor. N gently 
Bwsook ,» du Yigneaud, 3 Schoenlieimer,* and their coworkers have definitely 
answered the question regarding the origin ot creatine, ant tat e cone usn c y 
proved that creatinine originates from creatine, du Vigneai.d and School, tamer 
were able to arrive at their conclusions by the use of tracer isotopes. The urn 

From me Department ot Blechem.strv. school ot ^ ' ■ 

Hecchcd for publication. July SO, 13 
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mediate precursor of creatine is glycocyamine. This is formed from glycine anil 
arginine (also citrulline) in the kidney, while glycoeyamine is methylated in 
the liver by methionine (or a derivative of methionine) to form creatine. 

The importance and significance of muscle creatine was not. appreciated 
until Fiske and Subbarow 3 in Folin's laboratory in 3927 showed that in living 
muscle creatine is present very largely in combination with phosphoric acid, 
probably as a potassium salt. Quite as Folin and Denis 6 prophesied in 1914. 
creatine has been found to be a post-mortem product. In the process of fatigue 
and death phosphocreatine (or creatine phosphate) breaks up into its constitu- 
ent parts. Although the complete story of the energetics of muscular activity 
lias not been told, it is evident that creatine phosphate and other compounds 
of phosphoric acid are vitally concerned in the production and transfer of en- 
ergy. Creatine is a necessary link in this chain. In man the normal creatine 
concentration of voluntary muscle is about 440 mg. per 300 grams of muscle, 
less than half this concentration (about 200 mg.) in the left ventricle of the 
heart, still less in the brain (about 170 mg. in the cerebellum and 110 mg. in 
the cerebrum), and much less in smooth muscle (about 60 mg.). 


CREATININE CONTEXT OF THE BLOOD 

Folin and Denis 7 were the first to present any very extensive data on the 
creatinine content of the blood, although almost simultaneously Neubauer 8 re- 
ported an observation on one case of “uremia,” while Myers and Fine 9 presented 
several analyses on two cases of nephritis showing marked retention of creatinine. 
Folin and Denis gave observations on nine cases of “uremia” and were the only 
observers to give figures for normal human blood. Shaffer 10 had begun a study 
of this question some years previously and had made a preliminary report with 
Reinoso, 11 but unfortunately did not give his protocols until after the appear- 
ance of the paper by Folin and Denis. 

Normal Creatinine Content of Blood . — -Nearly all the original analyses were 
made on whole blood after precipitating the proteins with picric acid. The 
Jaffe color reaction was carried out directly on the blood filtrate by the simple 
expedient of adding 0.5 c.c. of 10 per cent sodium hydroxide to 30 c.e. of the 
saturated picric acid filtrate. With this procedure creatinine values between 

1 and 2 mg. per 100 c.e. are obtained for normal individuals, being nearer 1 than 

2 mg. As soon as one passes to hospital patients, however, slightly higher values 
may be encountered, especially if whole blood is employed for analysis. Al- 
though the great majority of cases without renal involvement show creatinine 
figures on the whole blood below 2.5 mg. per 100 c.c., very occasionally figures 
as high as 3.5 mg. may be encountered that are not readily explained. 

Although most of the earlier analyses were made on whole blood by the 
Folin method 12 or the Myers and Fine modification, 13 it was later shown hj 
Hunter and Campbell 1 ' 1 that there is present in the corpuscles a substance which 
interfered, and tended to raise materially the values obtained on whole bloo ■ 
Obviously the percentage of error here would be greatest, in normal blood with •' 
low concentration of creatinine. On this account these authors recommended t 
use of plasma or serum. Later methods employing other protein preeipitants an 
a lower concentration of picric acid, thus making the Jaffe color reaction moic 
specific for creatinine, tended to lower the values obtained on normal b loot . 
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Consequently it would appear that strictly normal human plasma contains be- 
tween 0.5 and 1.5 mg. creatinine per 100 re. with an average of close to 1.0 
mg.* Folia and Svedbcvg 1 '’ obtained somewhat similar figures on Folio ’k 
“ unlakcd blood” filtrate. 

Before discussing the clinical significance of abnormal amounts of creatinine 
ill blood it may be well to discuss briefly the question that lias been raised os to 
whether or not creatinine is actually present m blood. 

Controversy on the Present? of ( 'erohninc in Blond , — In 1922 Behre and 
Benedict'' presented evidence to show that creatinine does not exist in normal 
blood. The facts upon which they made this deduction wore: (1) that creatin- 
ine can be removed from blood by bone black, but bone black does not affect the 
ehromogcnic substance present in blood filtrates, which reacts with picric acid 
and sodium hydroxide; (2) that u substance present in picric acid blood 
filtrates gives a good reaction with sodium carbonate, and this reaction is in- 
creased in bloods showing an abnormally high ‘'creatinine'’ content, whereas 
pure creatinine in picric acid is only slightly affected by carbonates; (3) that 
creatinine is readily destroyed by heat ms in alkaline solution, but the chromo- 
genic substance present in blood is not appreciably affected; (4) that kaolin 
completely removes small amounts of creatinine from blood, but does not affect 
the picric acid-alkali reacting substance. Their observations were confirmed, 
and two additional observations support this view. (1) Benedict and Belive" 
found that the color obtained on blood filtrates and dilute serum ultrafiltrates 
with 3, 5-dinitrobeiizoate differs from that of creatinine, and (2) the apparent 
creatinine of normal dog serum ultrafiltrates (Oaebler”) and plasma filtrates 
of human and other species (Behre and Benedict'’’) fail to precipitate under 
conditions which precipitate added creatinine. Shortly after the appearance 
of Behre and Benedict’s original paper, Bolin 50 commented: “In view of the 
many still active investigators who in the past have made contributions to the 
creatine-creatinine problem one can safely predict that the findings and conclu- 
sions of Behre and Benedict will not. remain without contradiction or verifica- 
tion.” 


Quite as Folin prophesied the observations and interpretations of Behre 
and Benedict led to a bitter controversy. There is no question about the pres- 
ence of creatinine in urine. It would appear therefore that the kidney must 
(!) either separate and concentrate creatinine present in blood, or (2) form 
creatinine from a closely related precursor compound present in the blood, and 
then excrete it. If the observations of Behre and Benedict are correct, the 
latter would serve to explain the discrepancies. The opponents of Bclirc and 
Benedict, however, feel that this explanation is unnecessary. Hayman, Johnston 
and Bonder” 1 found that when trichloroacetic acid (rather than picric acid) 
was employed as the protein precipitant on serum or plasma, the filtrate differed 
little in its reaction from pure creatinine. Danielson” came to much the same 


•Arkln rqtmor im i rinhibers'* hate recently recommended the determination of plasma 
creatinine as a test of low Se \idi£y damage. They consider the normal range to lie be- 
tween 0^0 Ld 05 mg per 100 ce.. and regard any increase over 1.0 mg. as a probable 
sign of Impaired dnmerular filtration. They feel that the test In the low ranges la superior 
the determination of the nonprotein nitrogen and urea, not only far theoretical reasons ( lack 
of reabsorption in the tubules) but also because of the sharper limits between the normal and 
Pathological range, and consequently provides a helpful diagnostic procedure for the detection 
of low grade kidney damage. The test is regarded as of diagnostic and prognostic importance 
' n acute nephritis, chronic nephritis, nephrosis, nephrosclerosis, urologlc conditions and heart 
failure. 
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conclusion from a study of plasma ultrafiltrates. With the aid of a specific 
bacterial enzyme, Miller and Dubos 23 have approached the problem in a different 
way and conclude that in normal individuals creatinine constitutes 80 to 100 per 
cent of the cliromogenic material in serum or plasma. 

Gaebler in particular has made important contributions to a solution of 
this problem. With Keltch 24 and independently'- 5 he demonstrated that creat- 
inine could be isolated from normal blood, and in quantity from retention blood. 
The creatinine thus isolated was definitely identified chemically. Although 
originally opposing Behre and Benedict, he 25 later agreed that creatinine as 
such was not present in detectable amounts in normal blood. More recently 
Gaebler 26 and Gaebler and Abbott 27 have shown that most of the apparent 
creatinine of ultrafiltrates of normal blood can be precipitated with picric acid 
and rubidium. Goudsmit 28 has compared the apparent creatinine content of 
renal venous blood and of arterial blood, and found the former consistently lower, 
thus definitely indicating that the apparent creatinine of the blood is the pre- 
cursor substance of urinary creatinine. 

It is evident therefore that the apparent creatinine of blood, whether 
creatinine itself or a precursor, can be converted in the test tube, in consider- 
able part at least, to creatinine and can be so converted by the kidney. Con- 
sequently the apparent creatinine of blood, if not creatinine, has the same sig- 
nificance in blood as creatinine. 

CREATININE CONTENT OF THE BLOOD IN DISEASE 

In general it may be stated that the concentration of creatinine in the 
blood (plasma) is not significantly altei’ed in disease, except where marked im- 
pairment in renal function has occurred. While normal renal function is pri- 
marily dependent upon normal kidneys, it is also dependent upon normal blood 
flow to the kidneys. This may be sufficiently impaired in marked dehydration 
and severe heart disease to have a definite influence on the level of the nitrog- 
enous waste products in the blood, including creatinine. Practically it has been 
found that there is no indication for making a blood creatinine determination 
until after the level of the blood urea has exceeded the upper normal limits. 

It should be noted that the older methods on whole blood have occasionally 
yielded moderately elevated creatinine values (figures between 3 and 4 mg. P C1 
100 c.c.) in syphilis, in certain heart conditions, sometimes in fevers, such as 
pneumonia, in advanced malignancies, and in some cases of severe diabetes. H 
is well known that an increased formation of creatinine occurs in fevers, while 
in diabetes the influence of the high glucose concentration on the Jaffe colox 
reaction for creatinine accounts in part for the elevated values in some cases. 

High values for the creatinine of the blood (over 4 mg. per 100 c.c.) haic 
been observed in a variety of conditions in which renal function is seriously 
impaired. The following conditions may be mentioned : various forms o 
' Bright’s disease, but chiefly glomerulonephritis and nephrosclerosis, PJ e ^° 
nephritis, bichloride poisoning, double polycystic kidney, prostatic hypertrophy, 
vesical neoplasms, intestinal obstruction, acute suppression of urine from various 
causes, etc. 
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Prognostic Value of tin Bhuul 1'nnitHUu - -Attention was apparently first 
called to the unfavorable prognostic import ot an elevated blood creatinine by 
Myers and Lough" in 1915, The\ suggested that since creatinine was almost 
wholly endogenous in origin and, fmfhrrnuu?. siwe it was apparently the 
most readily eliminated of the three mtrogemius waste products* uric acid* urea 
and creatinine, it should he of greater prognostic value than either uric acid or 
urea. A year later Chaee and My? is " tiuther discussed this subject and stated 
on the basis of the generally accepted average figures for the concentration, of 
these three constituents in the blood and imn«\ that whereas the kidney normally 
concentrates the uric acid about 20 tunes, mid the urea about SO times, it con- 
centrates the creatinine about 100 times More recent studies by Mayrs, 31 
Jtehberg, 32 Maelvay and CocUriU, 1 and <'i»j>e. u dealing 1 with the concentration 
ratios of administered creatinine and iir»i». definitely showed that the kidney is 
able to concentrate creatinine to a gieMm extent than urea, and thus bear out 
the original contention of Myers and hi* «work»*is In this connection some 
observations of Berglund and Frisk * mo also ot interest. They have compared 
the ability of the kidney to excrete cjeatmino with uric acid. They state; 
“Whether measured directly or under the influence of drugs . . the efficacy 
of uric acid elimination is greatly interim Jo flic elimination of creatinine. T n- 
infiitcnced by drugs the elimination is a fifth to <m eighth only as efficacious as 
the mechanism for creatinine elimination 

Myers and Lough 20 stated in their original paper “The creatinine rises 
above 2.5 mg. per 100 c.e. of blood almost without exception only in conditions 
with renal involvement. Creatinine values from 25 to 2 0 mg. may be viewed 
with suspicion ; figures from 3,0 to 5 1 > mg rcgaid ax decidedly unfavorable, 
while over 5.0 mg, probably indicates an early fatal termination. ’ Although 
with improvements in methods the values obtained for the creatinine of the blood 
have tended to fall slightly, the above statement, made nearly thirty years ago, 
would still appear to stand. 

In 19X9 Myers and Killian 10 again discussed the prognostic value of the 
creatinine of the blood in nephritis on the basis of 100 cases with over *1 mg., and 
85 cases with over 5 mg. creatinine per 100 cc. of blood (5-33 mg.), studied be- 
tween March, 1914 and January, 1919. Of the S5 cases, 80 were dead at the time 
of their publication, 3 died shortly afterwards and 2 recovered. The 2 eases 
which recovered showed only a temporary elevation of the creatinine above the 
5 mg. level. In this connection Myers and Killian commented : “In such condi- 
tions as bichloride poisoning and acute nephritis it is possible to have consider- 
able nitrogen retention with ultimate recovery, for the reason that here the 
activity of the kidney is only temporarily depressed.” The authors noted that 
a considerable number of the 85 cases were able to be up and about and some 
showed decided clinical improvement They felt that the following of the blood 
ereatiuine gave them a better prognostic insight into these cases than either the 
Mood urea or the phenolsulfonphthalein tests which were done simultaneously. 

Case E. M. is a good illustration of a patient in the last stages of the disease, 
hut who, nevertheless, was able to be up and about (see Table I). 

Cusc 2. J. B. illustrates the prognostic value of the blood creatinine par- 
ticularly well. This patient's blood showed a creatinine of 7.5 mg. when he first 



Table I 

Serial Observations on Four Cases Illustrating the Prognostic Value 
of the Blood Creatinine 

I CHEMICAL BLOOD ANALYSES 


CREATININE 


URIC ACID 


CO. CAPACITY 


1. E. M * 


2. J. B.t 


1915 

Nov. 30 
Dec. 4 
Dec. 10 
Dec. 17 
Dec. 21 
Dec. 24 


Dee. 22 
1917 


Jan. 

5 

Jan. 

9 

Jan. 

16 

Jan. 

30 

Feb. 

13 

Feb. 

27 

Mar. 

6 

Mar. 

20 

Apr. 

3 

Apr. 

13 

Apr. 

27 

May 

15 

May 

22 

June 

5 

July 

17 

1921 

Jan. 

17 

Jan. 

26 

Feb. 

16 

Feb. 

23 

Mar. 

2 

Mar. 

10 

Mar. 

IS 

Apr. 

13 

Nov. 

4 

1922 

Jan. 

31 

Feb. 

11 




1923 

Sept. 4 


1917 

4. J. C.§ Apr. 24 3.S 2S G.S 5° 

May 8 6.1 41 5.5 

May 15 5.2 30 7.7 

May 22 3.3 28 7.7 

June 1 3.1 36 10.4 

June S 4.5 26 

1918 

Apr. 2 3.8 57 

Apr. 26 4.5 51 6.7 

1919 » 

Jan. 19 4.3 64 34 

1920 

Feb. 18 7 1 2 56 5.0 - 

*1. E. M„ male, aged 39 was up and about on Nov. 30, did not realize the se . ri °J!?{'oijc 
of his condition, had stopped in New York on his way to Florida for the winter, »» 
blood pressure 240 mm. Hg ; ’phtlialein output 0 on three examinations ; sp. gr. of !I: e 
tinuously 1.005 on Dee. 10; died on Dec. 25. h 

t2. J. B., male, aged 34 kept on low protein diet for five months; discharged fro;:: 
pital clinically improved on June D; returned to work as guard on subway; died I*ot. , 

+3. Col. C. IV., male, aged 55, enlarged prostate and chronic nephritis, cystotomi • 
19, and prostatectomy Mar. 25, 1921 ; 'phthalein output Feh. 11, 1922 5 per cent, u 

it. J. C., male, aged 60 continued active during most of this Pf'p’.Hl as , c \Vn , ..'l f 4 n ' oui " 
although he spent a number of rest periods in hospital beginning in April 1916; pntna 
put 7 per cent on May 22, 1917 ; died in June 1920. 
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came muter observation, and ai!ium**h he .showed considerable clinical improve- 
ment over a period of nearly seven months, stilt Ins blood creatinine remained 
constant, except for a temporary elevation to 12 5 nu» The dietetic measures 
which were employed to alleviate the nitrogen retention resulted in a gradual 
reduction in the urea nitrogen from 135 mu per 100 c e to a low of 24 mg. 
Despite his high creatinine (last determination On mg ) , the patient left the 
hospital feeling quite well, returned to woik as a guard on the subway and did 
not die until about five months later 

The prognostic value of the ercMtimue k likewise well illustrated by the 
data on Case 3 C . W\ (Table I). a ease <>l chrome nephritis complicated by 
prostatic hypertrophy. On admission the creatinine was 110 mg , but 13 months 
later after a prostatectomy had dropped to a low of 4 1 mg. Six weeks after 
cystotomy the urea N dropped from a high ot 111 to a low of 31 nig. The tem- 
porary increased elevation of both the blood meat mine and urea N following both 
surgical operations is of interest. Although this patient remained quite active 
for about two years following his puistnieetomy, the ultimate outcome was 
clearly indicated by the blood creatinine, and he died about 2 years and 9 months 
after first admission to the hospital 

Since cases that recover, or live iV»r some months, after the creatinine of 
the blood has exceeded 5 mg. per 100 e e are exceptional, such eases merit special 
consideration. The individual observations on 1 J. C. (Table I) are of 

interest in this connection. Tins case remained neailv stationary for a longer 
period than any other in the series On Ids last admission to the hospital the 
patient was definitely worse and the creatinine had risen to 7.2 mg. He died 
about four months after leaving the hospital. "Even am png eases having very 
high blood creatinine there were many who were able to be up and about and 
some who showed considerable clinical improvement It was in these cases that 
the blood creatinine gave a particularly good prognostic insight into the true 
nature of the condition. 

A study of 1600 (about 1300 additional) creatinine determinations on 
cases with values above 4 mg., up to January, 1929, did not lead Myers and 
Killian to alter the view expressed 10 years earlier. 

In the author’s hook on the chemistry of the blood 37 a table is presented 
giving observations on seven oases of intestinal obstruction made by Killian in 
1921. It is of interest to note that, of the seven cases the five who died, all had 
blood creatinine above 5 mg. per 100 c c , the range being from 5.2 to 17.0 mg. 
The two eases which recovered showed maximum creatinine values of 2.2 and 
A7 mg. respectively. 

Comparing the creatinine and urea, Myers and Killian 36 state: Theoiet- 
ically, the amount of the increase of the creatinine of the blood should be a 
safer index of the decrease in the permeability of the kidney than the urea, for 
the reason that creatinine on a meat-free diet is entirely endogenous in origin and 
its formation (and elimination normally) very constant. Urea on the other 
hand, is largely exogenous under normal conditions and its formation conse- 
quently subject to greater fluctuation. For this reason it must be evident that 
a lowered nitrogen intake may reduce the work of the kidney in eliminating 
tuert, but cannot affect the creatinine to any extent. Apparently the kidney 
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is never able to overcome the handicap of a high creatinine accumulation. It 
would seem that creatinine, being almost exclusively of endogenous origin, 
furnishes a most satisfactory criterion as to the deficiency in the excretory power 
of the kidneys, and a most reliable means of following the terminal course of the 
disease, though it should lie noted that urea, being largely of exogenous origin, 
is more readily influenced by dietary changes, and therefore constitutes a more 
sensitive index of the response to treatment.” 

Another factor which may play a role in the greater prognostic significance 
of an elevation of the blood creatinine than the blood urea is the difference in the 
mechanism by which these two constituents are eliminated by the kidney. 38 Urea 
is apparently eliminated entirely by glomerular filtration and tubular reabsorp- 
tion of water, although there is appreciable back diffusion owing to the great 
diffusibility of urea. While the chief factor concerned in the excretion of 
creatinine is again glomerular filtration and tubular reabsorption of water, there 
is not only no back diffusion but also the tubules of the human kidney have the 
ability to add (secrete) an appreciable amount of creatinine to the glomerular 
filtrate. 

The reliability of elevated blood creatinine values as an unfavorable 
prognostic sign in terminal renal insufficiency was quickly and amply confirmed 
by workers in various parts of the world. Among these may be mentioned 
Rosenberg 39 Feigl, 40 Rabinowitch, 41 Moreau and Diamant, 42 Jeanbrau and 
Cristol, 43 Feinblatt, 44 Hubbard, 43 Cantarow and Davis, 40 Warter, 47 and Popper. 
Mandel and Mayer. 48 Although most workers have supported fully the con- 
clusions of Myers and Lough, 29 a few have felt that the creatinine gives little or 
no more information than the blood urea. Peters and Van Slyke, 49 in particular 
have emphasized this point although admitting that the “gravity of a high blood 
creatinine above 5 mg. per 100 c.e., a nonprotein nitrogen above 100 mg., or a 
urea nitrogen above 80 mg. in the blood is of serious import. Usually creatinine 
and urea rise together but when they do not the creatinine may be either the 
first or last to indicate the approach of uremia.” Hubbard 45 likewise observed 
that the “urea and creatinine concentrations in the blood parallel each other. 
He felt that sudden changes in blood urea concentration were probably due 
more to variations in the rate of urea formation, than to differences in die 
permeability of the kidney for these two compounds. 

However, this has not been the general conclusion of most workers in tins 
field. Patch and Rabinowitch 50 state in this connection: “A large series of 
observations led to the finding of cases in which the general relationships between 
the urea and creatinine concentrations of blood were absent. In these cases, 
high values were found associated with normal or nearly normal values. . . • U 
was foimd that, in spite of high urea values, symptoms of uremia were usuallj 
absent when the creatinine values were normal or nearly normal. It was <d- s0 
found that though high creatinine values and symptoms of uremia were accoin 
panied by positive diazo color reactions, this was not necessarily so with u- 1 
urea values. . . . The clinical value of these observations, from the point of wcv 
of the chemical reactions of the blood, lies in their showing that urea stucics 
unaccompanied by observations on ‘creatinine’ and the diazo color icac ion 
should not be relied on in estimating progress or prognosis.” 
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Most observers have noted a lack of relation t at v. eon the levels of creatinine 
Slid uvea ill cases oi venal disease, the duet exception being eases of atiuria. c.g,, 
bichloride poisoning. Obviously in such cases both cienfinine and urea arc being' 
simultaneously and completely retained The situation is different, however, in 
cases of nephrosclerosis, chronic glomerulonephritis, intestinal obstruction and 
tiic renal complications associated with prostata- lt> pertrophv and neoplasms of 
the bladder. In the last mentioned conditions there may be oftentimes a dis- 
proportionate increase in the blood utea Sunn years ago in following eases at 
the Cleveland City Hospital in coopeiuiiou with Dr I{. <i. Bowman and Miss 
Miriam Dice, it appeared that we had mad, an interesting observation bearing 
on this point. It was observed that eases done fi-mn chronic glomerulonephritis 
■showed much higher blood urea values than eases living with nephrosclerosis 
with essentially the same values for creatinine, ic. whereas a ease of chronic 
glomerulonephritis with a blood cicitiume «t 5 to in mu might have a blood 
urea nitrogen of 200, a ease of nephrosclerosis, with the same range of blood 
creatinine values, would show a urea nitrogen of only 50 to 70 mg. However, 
on studying further cases (all diagnoses wue < onfirmed by autopsies) it was 
found that the .above statements- were tun in mill 05 to 75 per cent of the 
cases. 

The Van Slylie urea clearance tesi is not only an exceedingly valuable 
diagnostic test of renal insufficiency, but tuinislns wry valuable prognostic in- 
formation as well. In this connection. Van Sh lie et al ” conclude: “In patients 
with diminished renal function the blood urea clearance shows evidence of the 
diminution sootier than does the blood creatinine content, tile blood urea content 
without relation to the urea excretion, or tin- pheimlsulfonphthalem excretion. 
Tlie Mood urea clearance usually falls below 50 per cent of its normal value 
before any of the other three values show any abnormality. Only after the 
blood urea clearance indicates less than 20 per cent of normal renal function are 
all values for blood urea and creatinine content, and for phenolsulfonphthalcin 
excretion, found outside the limits of normal variation ” Bruger and Moson- 
have also compared the blood creatinine with the urea clearance test 
and state: “It has been appreciated for a long time that creatinine rises in tile 
Mood only when renal function becomes markedly impaired (Chaco and Myers, 
Myers, Pine and Lough, and Mvers and Lough). Our results show that normal 
creatinine values may be found in the blood with as much as 85 per cent of 
Mdncy function lost, as measured by the urea clearance test. When the uvea 
clearance has fallen to about 5 per cent of normal and uremia is impending, 
the creatinine begins to mount in the blood,” 

High Creatinine Values in Acute Conditions.— Not long after the original 
publication of Myers and Lough 33 in 1915 a number of different workers observed 
that a blood creatinine in excess of 5 mg. per 100 e.c. did not possess the same 
unfavorable significance in acute conditions as in chronic nephritis, and pre- 
sented reports on survival eases, the largest number being cases of bichloride 
Poisoning, Myers and Killian 3 ' reported tuo acute cases with creatinines of 
61 and 5.6 mg. respectively with recovery. They also called attention to the 
fact that occasionally in the acute exacerbation of chronic nephritis the creatinine 
»uy exceed 5 mg. for a short period, then decline below- this level, rising again 
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above this level before fatal termination. Occasionally this may occur several 
times in the course of the disease. 

Non-fatal cases of mercury bichloride poisoning 1 with high creatinine values 
have been reported as follows: Cohen and Bernhard 52 9.3 mg., Campbell 54 12.5 
mg., Killian 55 two cases, 12.0 and 15.2 mg. respectively, Gatewood and Byfield 55 
11.3 mg., Muntwyler, Way and Pomerene 57 two cases, 12.0 and 15.5 mg. respec- 
tively and Bowman and Wolpaw 58 a case of uremia, apparently due to mercuric 
chloride, 24.3 mg. per 100 c.c. Although recovery in such cases appears to he 
the exception, rather than the rule, the eases cited indicate that while more 
than 5 mg. creatinine per 100 c.c. of blood furnishes a grave prognosis in poison- 
ing with mercuric chloride, the prognosis need not necessarily be hopeless. 


Table II 

Case (L. M.) With Anuria With Very Hioii Creatinine and Recovery 50 



CHEMICAL BLOOD ANALYSES 


> 




1922 

CREATININE 

UREA N 

URIC ACID 

CO. CAPACITY 


mg. 

rag. 

rag- 

c.c. 

Mar. 13 


12.1 

1 4.0 


Mar. 27 

12.5 

02.5 


50 

Mar. 30 

17.0 

83.3 


32 

Mar. 31 

23.1 

92.0 


21 

Apr. 2 

20.4 

98.0 


50 

Apr. 3 

20.0 

82.0 


82 

Apr. 4 

21.2 

104.0 


03 

Apr. 10 

9.2 

50.0 


50 

Apr. 15 

4.4 

4S.0 


03 

Apr. 22 

3.2 

12.9 


61 

May 4 

2.7 

9.7 


50 

July 11 


10.0 

4.2 

- 


Nephrolithiasis ; patient developed anuria following a unilateral pyelogram and d>sP lace- 
ment of renal calculus ; alltali therapy Alar. 31 to Apr. 3, forced fluids through duodenal ui» 
from Mar. 31 ; passed calculus Apr. 3 ; discharged May 15. 


The highest blood creatinine we have observed with ultimate recovery is given 
in Table II. This patient (L. M.) developed anuria following an unilateral 
pyelogram and displacement of renal calculus. 50 After the blood creatinine had 
risen to 23.1 mg. and the CO 2 combining power of the plasma had fallen to 21, 
alkali therapy was started and fluid forced with the aid of a duodenal tube, 
about 1,000 to 4,000 e.c. of fluid being given daily. It is believed that in this 
case the blood analyses gave, a clear understanding of the condition without which 


the patient unquestionably would have died. 

Selman and Linegar 00 have reported a very interesting ease in which the 
creatinine rose to 15.4 mg. and the urea nitrogen to 142 mg. per 100 c.c. with 
ultimate recovery. The patient suffered from severe asthma and shock, the 
blood pressure being too low to measure with a mercury manometer. The authors 
suggest the resultant disturbance in blood flow to the kidney as the probate 
cause of the elevation of the nitrogenous metabolites in the blood. It took a »u 
eight days for the blood accumulation to reach its peak, while twelve days v ei 
required for its return to normal. 

Kilduffe® 1 in discussing a case which remained alive for fifteen aionths 
with blood creatinine values ranging from 10 to 20 mg. per 100 c.e., mac e 
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following: comment Hoarding recovery cases: • ' Hyperereatimnemia may, with 
two exceptions, he accepted ns of ominous import, the observations of many 
indicating that a blood creatinine of more than a mg. per cent is the rather im- 
mediate forerunner of a fatal termination. The exceptions to this clinical rule 
are : (1) anuria, in which, if the cause can ho found and removed, creatinine 
retention is not of prognostic import, and f.?' acute nephritis in which tem- 
porary high values may he encountered With those two exceptions hyper* 
creatininomia always signifies an extreme denree of functional renal insufficiency, 
the kidney apparently being unable to m-o\er from the damage thus indicated. 
. . , The usual interpretation regards creatinine values of '2..") to 3 nig. per cent 
as suspicious; 3 to 5 mg. per cent as untmorahle. ami over 5 mg. per cent as 
indicative of an early fatal termination While occasional recoveries in the 
presence of hvpercreatininemia have been reported, these are so exceptional 
as not to invalidate the general rule “ 

COMPARISON or CREATININE WITH OTHER PROONOSTIC TESTS 

In addition to the blood urea, and Van slvke urea clearance tests already 
mentioned, and the fact that a sudden and pronounced upturn in the blood uric 
acid may be an unfavorable prognostic sign M-\enil other tests have been sug- 
gested which* have a grave prognostic omen. These are an elevation of the 
serum inorganic phosphorus, increases in the amount of indiean and strongly 
positive diazo and xanthoproteic mictions. .Must of these become positive 
slightly later than the creatinine, and therefore are even more grave signs of 
impending death. However, it appears doubtful if they are any more reliable 
than the creatinine, and the fact that they become definitely positive a little 
later can hardly be considered an advantage. Nevertheless, they arc excellent 
confirmatory tests. 

Inorganic Phosphorus . — de Wcsselow 61 in particular has emphasized the 
unfavorable prognostic value of an elevated inorganic phosphorus in nephritis, 
especially when associated with uremia. He points out that on t he average the 
Mention of phosphates and urea run a parallel course, but observes that a con- 
fident prognosis can scarcely be ventured upon the estimation of the blood 
urea alone. He is of the opinion that although nitrogen retention is a valuable 
prognostic index of the severity of nephritis, nitrogen retention per se is harm- 
less. 'His special reason for suggesting the use of the inorganic phosphorus as a 
prognostic test in nzotcmic nephritis at the time was due to the question "which 
find just been raised as to the accuracy of the creatinine estimation by Benedict. 5 
He states: “A plea may therefore be uttered for the value of the plasma content 
in inorganic phosphorus (phosphate) in estimating the probable outcome of a 
ease of azotemia nephritis. ’ * He regarded an inorganic phosphorus of 2 to 4 mg. 
per 100 c.c. of plasma as normal, and above 10 mg. as a grave prognosis. 

To 500111*0 information on this point, and on the serum calcium, Schmitz, 
11 oh den burg and llvore* 3 studied a series of 54 cases with markedly impaired 
Mial function. On* the basis of their data it would appear that the values for 
the creatinine and serum inorganic phosphorus are equally significant, but that 
the fluctuations in the blood urea are so great as to he much less significant. 
However, it was the authors* opinion on the basis ot following the serial findings 


1012 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


in the individual cases that there was little doubt about the reliability of inor- 
ganic phosphorus retention as a prognostic sign in chronic nephritis, but that 
creatinine is equally reliable and the retention appears to occur appreciably 
earlier than is the case with the inorganic phosphorus. 

Diazo-Color Reaction. — Andrewes,” 4 while carrying out the van den Bergh 
reaction for bilirubin on blood serum, noted a deviation from the normal color. 
When alkali was added to the end-product a pink coloration was obtained in- 
stead of the green of azobilirubin. This reaction was found to occur only in 
persons with markedly damaged kidneys. Hewitt® 5 modified the method so as 
to rule out false positives. 

According to Harrison and Broomfield® 6 the substance responsible for the 
reaction is an indoxvl compound, presumably indican, or possibly, in part, 
indoxyl glycuronate. It is therefore not surprising that the results obtained 
with the diazo reaction harmonize with the indican test (see below) . 

Rabinowitch® 7 has apparently made a more extensive clinical study of this 
test than anyone else (also gives literature). He observed that when an attempt 
was made to correlate the positive reactions with the urea content of the blood 
no correlation was noted. This, he felt, was to be expected, since the prognosis 
and degree of retention of blood urea are not related. Although Rabinowitch 
made many hundreds of analyses, and frequently found high blood ureas asso- 
ciated with negative diazo-eolor reactions, he never found a positive diazo-color 
reaction associated with a normal blood urea nitrogen. In the case of creatinine 
Rabinowitch commented: “here there appears to be a relationship,” his observa- 
tions being reproduced in Table III. He noted two eases with creatinine values 
greater than 5 mg. per 100 c.c. of blood with negative diazo-color reactions, but 
in these cases the anurias were due to mechanical block (prostatic hypertrophy). 
The conclusion was drawn that a positive diazo-color reaction is not found in any 
condition other than severe kidney damage, although a positive reaction may be 
found in persons with severe kidney damage, and such persons may recover. 
Such cases include the albuminurias of severe infections, the well-recognized form 

Table 111 


Relationship Between Positive Diazo-Coloii Reaction and Creatinine 
Content of Blood (Rabinowitch®") 





INCIDENCE of positive 

BLOOI) CREATININE 

DIAZO-COLOP. REACTION _____ 

mg. per 100 c.e. 


-1.50 

0 

1.51-1.75 

0 

2.7G-2.00 

0 

2.01-2.25 


2.20-2.50 

5 

2.51-2.75 

5 

2.76-3.00 

6 

3.01-3.25 

S 

3.26-3.50 

7 

3.51-3.75 

ii 

3.76-4.00 

14 

4.01-4.25 

10 

4.26-4.50 

20 

4.51-4.75 

15 

4.76-5.00 

26 

5.01 - 

41 
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of acute nephritis with pallor, edema, etc., acute exacerbations of chronic 
nephritis, mechanical obstruction in the urinary flow, surgical lesions of the 
kidneys with urinary retention, and the anuria of diabetic coma. When acute 
exacerbations of the disease are excluded, a positive reaction occurring in the 
course of chronic nephritis indicates an unfavorable prognosis. 

Indican . — In 1911 Obermaycr and Popper 08 called attention to the fact 
that indican (indoxyl potassium sulfate) is increased in the blood of patients 
with uremia. Later Rosenberg 09 compared the blood indican and creatinine, as 
noted above, observing that in azotemia urea was elevated first, then creatinine 
and finally indican. However, he appeared to favor creatinine ns a prognostic 
test, partly because of the greater simplicity m its estimation. A large litera- 
ture has accumulated on the subject. Among papers which might be mentioned 
in chronological order arc those by Haas, 70 Monins and Shapiro, 71 Keith and 
Wakefield, 72 Sharlit,” Polayes and Eckert, 74 and Kenny and Hubbard. 75 

The normal for the blood indican is generally given as 0.05 to 0,15 mg per 
100 c.c. of plasma or serum. Values of 0 2 mg. are regarded as abnormal but the 
values may reach 10 mg. per 100 c.c . in severe uremia. Sharlitt 73 has described 
a new method which possesses several desirable features. He regards the 
normal as less than 0.06 mg. and found values to range from 1 55 to 6.20 mg. 
in ten pathological eases. 

Monias and Shapiro 71 have presented data on over a hundred eases in which 
urea and creatinine were also determined, and regard the indican as definitely 
superior to creatinine and urea as a prognostic test in uremia. A study of their 
data, however, reveals the fact that in the cases in which the urea and creatinine 
findings were less significant than the indican, the blood analyses were made a 
month or more before the death of the patient. Keith and Wakefield 72 regard an 
elevation of the indican of the blood ns somewhat comparable to the elevation of 
creatinine, and therefore of prognostic and not of diagnostic significance. While 
mdican is increased by intestinal obstruction, chronic suppuration or infections 
of long standing and hepatic insufficiency, its elevation in the blood is most 
marked in renal insufficiency. To visualize the comparative significance of data 
tor urea, creatinine, indican and the xanthoproteic reaction, observations made 
V Kenny and Ilubbard are presented in Table IV. The Table includes only 
cases in which creatinine determinations were made, the data being rearranged 
according to the magnitude of the creatinine. On the basis of the data on these 
13 cases, the findings for creatinine, indican and the xanthoproteic readings 
harmonize very well. However, in this series, the creatinine findings appear 
superior to the indican and about equal to the xanthoproteic readings. 

Xanthoproteic Reaction . — The xanthoproteic reaction on scrum filtrate as a 
measure of renal insufficiency was introduced by Beefier* 6 in 1924. His observa- 
tion that the test constitutes a reliable prognostic index in uremia has been 
confirmed by a number of workers, among whom may be mentioned Rasmussen, 77 
Steen, 78 Kenny and Hubbard, 75 and recently Ragins, Kraus and Coe. 79 The test 
3s a simple one, consisting essentially of carrying out the xanthoproteic reaction 
on the trichloroacetic acid filtrate of a measured amount of serum and matching 
the color against a standard bichromate solution. 
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Table IV 


Creatinine, Urea, and Indican and Xanthoproteic Tests in Renal Insufficjecy 
Rearranged on the Basis of the Magnitude of the Creatinine 
(Data of Ivenny and Hubbard^) 


CASK 

CREATININE 

UREA X 

1XDICAX 

XANTHO- 

PROTEIC 

READING 

DIAGNOSIS, REMARKS 

16 

31.6 

203 

2.9 

144 

Malignant nephrosclerosis. Nausea, 

vomiting, died, uremia, no autopsy. 


20.3 

193 

2.0 

142 

Chronic glomerulonephritis. Drowsy, 
muscle twitching, died, uremia, no 
autopsy. 

is. 

14.1 

244 


153 

Chronic glomerulonephritis. Nausea, 

vomiting, coma, died, uremia, no 
autopsy. 

9 

13.0 

123 

1111m 

S3 

Comatose, uremic frost. Autopsy: 
Malignant nephrosclerosis, uremia. 

o 

12.8 

14S 

Tr. 

133 

Comatose. Autopsy: Carcinoma of 

cervix, pyelonephritis, uremia. 

10 

9.0 

134 

3.0 

100 

Comatose. Autopsy: Hypertrophied 

prostate, hydronephrosis, uremia. 

1 

9.0 

106 

1.7 

90 

Pyelonephritis, uremia, died, no autopsy. 

O 

8.2 

95 

2.1 

111 

Tubercular kidney, uremia. Nausea, 
vomiting, death, no autopsy. 

s 

5.4 

64 

2.5 

100 

Chronic glomerulonephritis. A r omiting, 
died at home. 

4 

5.3 

109 

2.3 

1S1 

Vomiting. Autopsy: Combined arterio-. 
sclerosis and nephritis. 


4.5 

ss 

Tr. 

50 

Hypertropliied prostate, pyelonephritis. 
Operation and improvement. 

o 

1.3 

40 

Neg. 

02 

Cystotomy, death not due to renal in- 
sufficiency. 

20 

1.2 

12 

Keg. 

15 

Convulsions. Death: Acute glomerulo- 
nephritis, lobar pneumonia. 


The normal range of values lias generally been given as 25 to 35, but Ragins 
et al. believe that a more correct normal range is 0 to 50. They consider that 
xanthoprotein values over 60 should be considered abnormal in all conditions. 

Becher 80 further reported that in the blood of patients vvitli renal insuf- 
ficiency there was an increase of aromatic substances — an ether soluble group 
comprising phenols, cresols, aromatic oxyacids and indoxvl, and a non-ether 
group containing the amino acids, tyrosine, phenylalanine and tryptophane— aud 
have associated this with the increased xanthoproteic reaction. Later with 
Koch 81 he reported markedly increased xanthoproteic values (SO to 250) in 
patients with uremia and indicated that uremia was less dependent on retention 
of nitrogenous products than on that of aromatic substances, and that phono 
poisoning resembled true uremia. Kenny and Hubbard 75 feel that the xa ntil0 ' 
proteic reaction is of special value in distinguishing between true and pseudo- 
uremia. They state that in pseudo-uremia, or hypertensive encephalopathy 1 
symptoms are due to cerebral edema and the xanthoproteic reaction remains I»"' 
regardless of the urea nitrogen. Ragins et al. T ® concluded from their data t '?• 
uremia was the only specific condition giving a significantly increased vout 
proteic reaction, although lysol poisoning must be kept in mind as a possibi i . 

A few illustrative observations from the data of Kenny and Hubbard ate 
in Table IV and show the comparative value of the test. 
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RESPONSE TO INTR WKXOU.SLY A DillNISTEKEO CREATININE 

In 1023 Major* 2 suggested following live two-hour output of creatinine after 
the intravenous administration of 0.5 Gin. as a test of renal function. He 
observed that the normal kidneys responded to the intravenous injection of 
creatinine by an increased output during the same period of time, while in 
chronic nephritis the kidneys showed on the average only a slight increase, and 
in many instances a decrease. This test never came into general use for the 
probable reason that it required the intravenous administration of an expensive 
compound in sterile solution. 

CREATININE CLEARANCE TEST 

The creatinine clearance test introduced by Bchhcrg has been studied by a 
number of workers as a test of renal function. Ilayman. Hoisted and Seyler’ 1 
made a careful comparison of this test with the urea clearance tost to determine 
if there was sufficient practical advantage in the creatinine test to compensate 
for the added technical difficulties. In close agreement with Holler, McIntosh 
and Van Slyke, they found in a series of about 25 normal individuals that the 
maximum urea clearance averaged 75 c.c. per minute, while the mean standard 
urea clearance was 51 c.c. per minute. The mean creatinine clearance on about 
CO normal subjects was 14S c.c. per minute. This wtould appear to indicate that 
the creatinine is normally eliminated iwo or three times as readily as the urea 
However, Ilayman et al. found that in patients with Bright's disease tie* 
creatinine and urea clearance tests were generally equally icdw<"<{ in relation 
to the average normal. Since the variability of the two tests 1 1 < the average 
normal was approximately the same, they concluded that the <•»«.,.' mu" clearance 
test did not possess any practical advantages to compensate i»m in greater 
technical difficulty (ingestion of 3 to 5 Cm. of expensive «..■ 1 the 

analysis of two blood samples). 


DISCUSSION 

On the basis of the tests discussed it would appear tb.it ti i S->'> >lyke 
nrca clearance test gives the most reliable measure of renal niMdih «< new espe- 
emlly in the early stages of renal disease. When definite impim m renal 
function has been established the level of the blood urea nitrogen dnmbl also be 
taken into consideration, since this is available from the data required for the 
calculation of the urea clearance. With a definite elevation of the Blood urea 
nitrogen, the creatinine should also be determined. The author In lieves that 
Piactieal experience lias conclusively demonstrated the superiority of the blood 
creatinine over the urea nitrogen as a prognostic sign in cases with markedly 
impaired renal function. While essentially the same prognosis might he ghen 
many cases on the basis of figures for the urea nitrogen alone, there are a con- 
siderable number where the creatinine may be elevated above the critical level 
without the presence of correspondingly high values for the urea nitrogen. It is 
0,1 ^is Account that the prognostic significance of an elevated blood creatinine is 
more dependable than that of urea. Theoretically this finding would seem logical 
since creatinine is more readily eliminated than urea, is excreted by the human 
'•Khiey somewhat differently than urea in that, the tubules participate, an 
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furthermore, is almost entirely endogenous whereas urea under ordinary condi- 
tions of diet is largely exogenous in origin. The statement may he made that 
the urea clearance test is also a good prognostic test. This is true hut with 
marked retention the changes in the blood creatinine are greater and therefore 
become more significant. The blood creatinine furthermore is an excellent con- 
firmatory test in cases in which lout values for the urea clearance are found. 
It should also be borne in mind that the urea clearance test requires an accurate 
urine collection, which is sometimes impossible. The creatinine on the other hand 
requires simply an analysis of the blood, but it would be well in this case always 
to include determination of urea as well as creatinine. 

While the phenolsulfonplithalein test has proved itself an extremely 
valuable renal function test, the output of the dye is so low with severe renal 
impairment as not to adequately reflect the changes at this stage in the disease. 

The rise in the level of the inorganic phosphorus in advanced renal disease is 
an infallible sign of marked impairment in renal function. In the author’s 
opinion, however, it comes a little later than the retention of creatinine. On 
this account the creatinine determination would appear superior as a prognostic 
test. 

The value of the determination of indican, the diazo reaction and the 
xanthoproteic reaction have all been amply demonstrated. Many of the investi- 
gators who have worked with these tests have also presented parallel figures 
for the blood creatinine and urea. While the reliability of these special tests 
has been proved, in the author’s opinion these tests have not been shown to have 
any greater reliability than the blood creatinine. On this account the estimation 
of the blood creatinine would appear to remain the method of choice on account 
of greater simplicity as a routine chemical blood determination. 

SUMMARY 

The prognostic significance of an elevated creatinine has been discussed on 
the basis of individual observations and those in the literature. The test has 
also been considered in comparison with the following tests which have also been 
advocated for the same purpose, viz., the phenolsulfonplithalein test, the blood 
urea, the Van Slyke urea clearance test and the serum inorganic phosphorus, 
indican, diazo-eolor reaction, and xanthoproteic reaction, also the response to 
intravenously administered creatinine and the creatinine clearance test. 
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erythrocytes. TJie changes occurred chronologically in the order as listed. One of 
the animals died following a dosage of 1.04 millicurics per pound of body weight; 
its bone marrow was aplastic. Scott and Lawrence emphasize, however, that 
the tolerance levels were about ten times those used therapeutically. Several of 
the reports describing clinical experience with the use of radioactive phos- 
phorus contain examples of toxic effects oil the hone marrow. Ivenney and 
Craver mention one patient with lymphosarcoma who developed an aplastic 
anemia under treatment, one who developed a temporary anemia, and several 
who had transient Icucopcnia. 1 ” Erl’, Tuttle, and Lawrence 3 show that several 
of their patients with lymphatic leukemia who were treated with radioactive 
phosphorus showed significant lowering of the platelet count while they were 
apparently improving otherwise; in no instances were hemorrhagic manifesta- 
tions reported. In one of eleven patients with polycythemia, Erf and Jones 
noted a fall in platelets from 180,000 to 64,000 per cubic millimeter. 11 Kenney 
reported that in one of his patients with acute lymphatic leukemia the terminal 
appearance of the hone marrow was one of extreme aplasia with multiple hem- 
orrhages. 7 He stated that: "The marrow changes were more severe than those 
ever seen in this institution (Memorial Hospital, New York City) in terminal 
leukemia not treated with radioactive phosphorus.” Diamond and Warren, 
furthermore, observed that several children with acute leukemia whom they 
treated with radioactive phosphorus had aplastic marrows at autopsy. 17 

The diagnoses established for the 100 patients included in this study were 
polycythemia vein, IS; chronic myelogenous leukemia, 25; chronic lymphatic 
leukemia, 22; lcucosarcoma, 13 ; 19 monocytic leukemia, 4 ; plasma cell myeloma, 
4; lymphosarcoma, 2; reticulum cell sarcoma, 3, Hodgkins disease, 6; giant 
follicular lymphoblastoma, 1. Patients were accepted for treatment irre- 
spective of the stage of their disease or the previous treatment they had re- 
ceived. They were refused only when their residences were so far from St. 
houis as to preclude frequent visits to the clinic. 


MATERIALS AND METHODS 


The radioactive phosphorus was prepared in the medical cyclotron of the 
Malbnckrodt Institute* by bombardment of red phosphorus by 12 million 
volt deuterons. The phosphorus was then synthesized into its dibasic sodium 
salt, according to the procedure used by ICarnon, 10 and was dissolved in enough 
^ater to make an isotonic solution (15 mg. per cubic centimeter).! The radio- 


•Built with funds provided by the Rockefeller Foundation 
tThe details of the method are as follows: 

h Til? Phosphorus from the target is washed first with water, then with aqua regia, 
p p^ 00 c * c - aqua regia are added and the mixture is boiled until syrupy to oxidize the 

Small amounts of cone. HCL are added and heating is continued until no more brown 
off th*. wu ei f en off (indicating that nitric acid has gone). There is no danger of evaporating 
* Phosphorus pentoxide as there is enough copper present to form copper phosphate. 

?■ digest is cooled and diluted with water to about 200 c.c. 
com*-* 5v s ls bubbled through the solution for from one to two minutes to precipitate the 
ts twi , uS suspension will coagulate with heat If there is no nitric acid present. The liquid 
k wl p *?, c J p,tate by filtration through a Buechner funnel. t 

C o ntiT ,°‘ T *} e filtrate is evaporated carefully so as not to lose the PjOj. As long as the liquid ■ 
too tvi 8 flzz - HCL is present ; when white fumes appear, the evaporation has been carried 

- ,4 e Phosphorus is now in the form of H*PO,. 
r’ V_ ,s ne utralized to phenol red with IN NaOH. 
is ?°PPer precipitated as copper hydroxide is removed by filtration and the solution 

th<v t0 Isotonic concentiation. The amount of phosphorus present can be calculated from 

are of ^'oOH required to neutralize the phosphoric acid Actually I.S5 c.c. of water 

tiejn v Oie flna l dilution per 1 c.c. IN XuOH used in the titration. The isotonic solu- 
oi -'iimPOi contains 0.15 mg. of the salt per cubic centimeter. 
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D URING the past two and one-half years, 116 patients with various types 
of hematologic dyscrasias have been treated at the Washington Uni- 
versity School of Medicine with radioactive phosphorus. Of these, 100 have 
been observed for a sufficiently long period of time to permit evaluation of the 
therapy. The results in general give weight to the conclusions of other in- 
vestigators that radioactive phosphorus is a valuable therapeutic agent in the 
management of polycythemia vera and the chronic forms of leukemia. 1 '” Ef- 
fectiveness in patients with most acute leukemias, Hodgkin’s disease, reticulum 
cell sarcoma, and lymphosarcoma have been disappointing. A detailed analy- 
sis of these therapeutic results will he made elsewhere. The primary purpose 
of this communication is to call attention to the frequency with which anemia, 
leucopenia, and thrombocytopenia developed in the patients under treatment. 
In most instances, there was excellent evidence that these complications were 
induced by the therapy and were not manifestations of the disease per sc. They 
frequently appeared weeks or several months after the last injection of radio- 
active phosphorus had been given. In the patients with polycythemia, they 
were often produced by amounts of radioactivity significantly less than those 
used in other clinics. 111 ’ 11 


Since it is well known that excessive exposure to radium and x-ray causes 
toxic effects on the bong marrow, these hematologic complications are not un- 
expected. With x-ray and radium, however, at least when used in therapeutic 
doses, the changes induced in the peripheral blood appear promptly. 12 ’ 13 As 
indicated above, this is frequently not true for radioactive phosphorus, P>'c- 
sumably because with its half-life of 14.3 days it continuously emits radiant 
energy for weeks after administration. It is not surprising, therefore, that the 
appearance of toxic effects may be delayed for many weeks. While no emphasis 
lias previously been given to this possibility, Scott and Cook” and Scott aiu 
Lawrence 13 have studied the effect of radioactive phosphorus on the Wood o 
growing chick's and of monkeys. In chicks, with the dosages used, the pob- 
morphonuclear leucocytes became greatly reduced in numbers, but there veie 
no significant changes in the other formed elements. In monkeys, rano- 
phosphorus lowered the absolute numbers of lymphocytes, granulocytes, am 

From the Edward Mallinehrodt Institute of Radiology and the Department of Into 
Medicine, Washington University School of Medicine. p. mm on«a!H' 
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Diagnoses were established by study of the peripheral blood and sternal 
marrow removed by aspiration and by biopsy of lymph nodes and bone marrow. 
All eighteen patients with polycythemia vera had palpable spleens and were 
shown to have an increase in the total circulating blood volume. In addition, 
clinical study proved the absence of pulmonary or circulatory factors which 
could cause secondary polycythemia. In a few instances the degree of satura- 
tion of arterial blood with oxygen was measured 

RESULTS 

The incidence, among these patients, of thrombocytopenia, leucopenia, 
and anemia is summarized in Table I Sometimes two or all three changes 
were observed in the same individual. If so. the pattern most frequently seen 
was first a fall in the white count, then in the platelets, and lastly in the erythro- 
cyte level. It should be emphasized, however, that the platelets occasionally 
fell to very low levels even in patients who did not develop a leucopenia or an 
anemia. 

A. Thrombocytopenia . — Perhaps the most striking complication was the 
thrombocytopenia. The platelet count fell to below 100,000 per cubic millimeter 
in forty-four instances and to below 50,000 in thirty-three of these. These fig- 
ures do not include any patients in whom the fall in platelets was obviously a 
manifestation of the dyscrasia. It frequently developed, in patients with 
leukemia, for instance, several weeks or months after the white cell count had 
approached normal and most of the abnormal leucocytes had disappeared from 
the peripheral blood. In some cases, the thrombocytopenia occurred even after 
therapy had been discontinued. An excellent example is provided by the case 
of J. SI., a man with chronic myelogenous leukemia (Pig. 1). The remission 
induced in him was the best ever obtained in this series of cases. He received 
only 10.073 millicuries of radioactive phosphorus in a period of fifty-two days, 
during which time his white cell count fell from 111,000 to 10,500 cells per 
cubic millimeter. There was striking clinical improvement with an attendant 
decrease in the size of his spleen. Vet four weeks after the last injection of 
radioactive phosphorus and six 'weeks after the white cell count had returned 
to a normal range and myelocytes had almost entirely disappeared from the 
differential, the platelets began to fall. When they reached 40,000 per cubic 
millimeter, it was necessary to hospitalize the patient because he was bleeding 
from his gums and complained of overwhelming weakness. There was no 
fever. Two transfusions were given, and the platelets slowly returned to nor- 
mal levels. The thrombocytopenia in this instance could hardly be related 
to an exacerbation of the disease. 

Thrombocytopenia is extremely rare in polycythemia vera. I<or that 
reason, its occurrence in N. W., a 59-year-old "woman with polj tliemia \cia, 
after she had received only 7.56 millicuries of radioactive phosphorus, is par- 
ticularly interesting (Pig. 2). The 7.56 millicuries was all given orally in two 
doses on succeeding davs. This ■was one of the very few’ cases in "which the 
phosphorus solution was given by mouth ; and, if it is assumed that 75 per 
ee nt was absorbed from the gastrointestinal tract, 22 this amount would be 
equivalent to 5.67 millicuries by intravenous injection. This woman returned 
to the hospital before her scheduled appointment because of moderately ex- 
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activity of the phosphate solution ivas determined by means of a Lauritson 
electroscope calibrated with a uranium standard. The initial activity of a 
• freshly prepared solution usually varied between 300 and 400 microeuries per 
cubic centimeter. The solution of radioactive phosphorus was used during a 
period of weeks until its strength had decayed to 30 to 50 microcuries per 
cubic centimeter. 

The plan of treatment for all the diseases except polycythemia closely 
followed the “fractional method” of therapy outlined by Low-Beer, Lawrence, 
and Stone. 10 This refers to small frequent intravenous injections of radioactive 
phosphorus. In only a very few instances was the material given by mouth. 
The size of each dose given parenterally varied between 100 and 2,000 micro- 
curies. Patients were usually treated two or three times a week at first. As 
the white blood cell count either approached normal in the patients with leu- 
kemia or became subnormal in the cases where the white blood count was not 
elevated at the onset of treatment, the dosage was decreased and the time in- 
terval between treatments was lengthened. Patients with polycythemia were 
given larger quantities of radioactive phosphorus at much less frequent inter- 
vals. 

Therapy was governed principally by the changes in the peripheral blood. 
An attempt was made in each case to restore the cytology of the blood to as 
near normal as possible and to maintain this effect. Considerable individualiza- 
tion of treatment was necessary because of the great variation in the response 
shown by different poisons. The remissions induced in most patients were suf- 
ficiently good to permit interruption of therapy for a period of months. In a 
few instances it seemed desirable to continue regular injections of the radio- 
active phosphorus at intervals of several weeks. More active therapy was re- 
instituted whenever the changes in the peripheral blood indicated that the 
remission had ended, even though no symptoms developed at these times. 

In the cases of lymphosarcoma, Hodgkin’s disease, reticulum cell sarcoma, 
multiple myeloma, and giant follicular lymphoblastoma, where the white blood 
cell count was not elevated, regulation of therapy was more difficult. Admin- 
istration of radioactive phosphorus was continued in these instances until 
changes in the peripheral blood gave warning of a depression of bone marrov 
activity. In some patients serial bone marrow aspirations were done to ai 
in regulating therapy. Patients with subleukemic leukemia were given amounts 
that were comparable with those required to regulate the subjects with eleva e 
counts. 

On each visit to the clinic, the patient was examined and the following 
laboratory data were obtained : total erythrocyte and white blood cell counts, 
hemoglobin, reticulocyte level, platelet count, and a blood film examination. 
While fixed cover slip preparations were made for permanent records, the i 
ferentials were made routinely with the supravital technique. The b 00 
, counting equipment had all been standardized by the U. S. Bureau of Stan aI *• 
Hemoglobin determinations were made by the Evelyn oxyhemoglobin met io 
on an Evelyn photometer that had been standardized by the simultaneous 
terminations of the oxygen-combining power. Reticulocyte and platelet com 
were done with the Dameshek method. 21 
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Diagnoses were established by study of the peripheral blood and sternal 
marrow removed by aspiration and by biopsy of lymph nodes and bone marrow. 
All eighteen patients with polycythemia vcra had palpable spleens and were 
shown to have an increase in the total circulating blood volume. In addition, 
clinical study proved the absence of pulmonary or circulatory factors which 
could cause secondary polycythemia. In a few instances the degree of satura- 
tion of arterial blood with oxygen was measured. 

RESULTS 

The incidence, among these patients, of thrombocytopenia, leucopenia, 
and anemia is summarized in Table I. Sometimes two or all three changes 
were observed in the same individual. If so, the pattern most frequently seen 
was first a fall in the white count, then in the platelets, and lastly in the erythro- 
cyte level. It should be emphasized, however, that the platelets occasionally 
fell to very low levels even in patients who did not develop a leucopenia or an 
anemia. 

A. Thrombocytopenia . — Perhaps the most striking complication was the 
thrombocytopenia. The platelet count fell to below 100,000 per cubic millimeter 
in forty-four instances and to below 50,000 in thirty-three of these. These fig- 
ures do not include anj’ patients in whom the fall in platelets was obviously a 
manifestation of the dyscrasia. It frequently developed, in patients with 
leukemia, for instance, several weeks or months after the white cell count had 
approached normal and most of the abnormal leucocytes had disappeared from 
the peripheral blood. In some cases, the thrombocytopenia occurred even after 
therapy had been discontinued. An excellent example is provided by the case 
of J. M., a man with chronic myelogenous leukemia (Pig. I). The remission 
induced in him was the best ever obtained in this series of cases He received 
only 10.073 millicurics of radioactive phosphorus in a period of fifty-two days, 
during which time his white cell count fell from 111,000 to 10,500 cells per 
cubic millimeter. There was striking clinical improvement with an attendant 
decrease in the size of his spleen. Yet four weeks after the last injection of 
radioactive phosphorus and six weeks after the white cell count had returned 
to a normal range and myelocytes had almost entirely disappeared from the 
differential, the platelets began' to fall. When they reached 40,000 per cubic 
millimeter, it was necessary to hospitalize the patient because he was bleeding 
from his gums and complained of overwhelming weakness. There was no 
fever. Two transfusions were given, and the platelets slowly returned to nor- 
mal levels. The thrombocytopenia in this instance could hardly be related 
to an exacerbation of the disease. 

Thrombocytopenia is extremely rare in polycythemia vera. For that 
reason, its occurrence in N. W., a 69-year-old woman with polycythemia vera, 
after she had received only 7.56 millieuries of radioactive phosphorus, is par- 
ticularly interesting (Fig. 2). The 7.56 millieuries was all given orally in two 
doses on succeeding days. This was one of the very few cases in which the 
phosphorus solution was given by mouth ; and, if it is assumed that 7 o per 
«*nt was absorbed from the gastrointestinal tract, 32 this amount would be 
equivalent to 5.67 millieuries by intravenous injection. This woman returned 
to the hospital before her scheduled appointment because of moderately ex- 
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Therapeutically Induced Leucopenia and Thrombocytopenia ip a Patient With Polycythemia Vera 
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easily. At about the same time she noted that the fingers were purplish red in color. ^ Weakness increased and gradually the skin of the entire 
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tensive purpura on the lower extremities. The platelet count had fallen from 
2,000,000 per cubic millimeter to a level of 29,000. Data illustrating three ad- 
ditional instances of the same change are summarized in Figs. 3 to 5. 

Of the 44 patients whose platelet levels dropped to less than 100,000 per 
cubic millimeter, 38 showed clinical manifestations of abnormal bleeding: 22 
developed peteehiae, purpura, or eeehymoses; 12 bled from the gums; 10 had 
epistaxis; 6 had hematemesis, hemoptysis, or bloody stools; and 2 had hematuria. 
Twelve subjects, not included in the foregoing figures, had a thrombocytopenia 
before treatment was started. Most of these latter patients had acute leukemia, 
and all had bleeding manifestations. In no ease was it felt that bleeding associ- 
ated with a thrombocytopenia was the principal cause of death, but in several pa- 
tients in whom the thrombocytopenia was persistent, the bleeding was profuse 
and may have contributed to the fatal outcome. 

It should be emphasized that in many cases radioactive phosphorus therapy 
was followed by a significant rise in the platelet level. The cases in which the 
platelet count rose from definitely thrombocytopenic levels to normal values 
are summarized in Table II. 

Many other patients who did not have an initial thrombocytopenia de- 
veloped a marked increase in the platelet level after they were treated. In 
23 of onr 100 patients the platelet count increased by 500,000 or more per cubic 
millimeter at some time during therapy or shortly after treatment was discon- 
tinued. 

B. Leucopenia. — Following the institution of radioactive phosphorus ther- 
apy, the leucocyte levels followed various patterns. In 56 patients there was a 
steady, progressive decrease in the leucocyte count, in 25 the white blood cell 
level first increased and then showed a progressive decrease ; in 2 patients with 
acute leukemia there was a gradual rise in the number of leucocytes up to the 
time of death. Three patients who were in the terminal stages of leukemia 
first showed a decrease followed by a progressive increase. In the other 14 there 
was either no significant change in the leucocyte count or a pre-existing trend 
was apparently uninfluenced by therapy. Thus treatment was attended hv an 
ultimate decrease in the white blood cell level in 81 of the patients, no significant 
ehange in 14, and an ultimate increase in 5 with acute or terminal leukemia. The 
changes in these last 5 patients were probably manifestations of leukemia ; it is 
impossible to tell whether the radioactivity influenced them in any way. 

Further analysis of the 18 cases in which the leucocyte level first increased 
and later progressively decreased is of interest. When treatment was started, 
the routine followed was to obtain counts every one to four days for the first 
two weeks, after which the interval was lengthened to once a week. If daily 
blood counts had been obtained, more patients might have fallen in this group- 
The interval between the first injection of radioactive phosphorus and the high- 
est peak of the leucocyte curve varied from one to nine days, with an average 
of four days. The average increase was 17,000 cells with minimum and maxi- 
mum values of 1,600 and 86,000, respectively; the pretherapeutic basal values 
had been fairly constant in each case. These observations have added interes 
in view of the observations of Isaacs and many others, that x-ray therapy is usu- 
ally followed by a rise in the leucocyte count before the progressive fall se s 
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Table I 


The Incidence With Which Anemia, Leucopenia, and Thrompocytopenia Occurred in 100 
Patients as a Complication of Therapy With Radioactive Phosphorus 
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Table II 

Patients in Whom a Rise Occurred in the Platelet Count From Thrombocytopenic to 
Normal Levels Luring Therapy With Radioactive Phosphorus 


name 

diagnosis 

PLATELET COUNT AT 1 
ONSET OF THERAPY 
PER C.MM. 

1 MAXIMUM PLATELET 
COUNT DURING 
THERAPY 

PEP. C.MM. 

R. G. | 

Chronic lymphatic leukemia 

77,000 

347,000 

J. S. 


10,000 


P. S. 


02,000 

49S,000 

D. B. 

Monocytic leukemia 

72,000 

580,000 


As shown in Table I, 41 of tlie 100 patients developed a ieucopenia of 
3,000 cells per cubic millimeter or less either during or within two months 
after the cessation of therapy. Here again, those patients who developed a 
Ieucopenia which was obviously due to progression of the blood dvserasia were 
excluded. The figure of 41 per cent cannot he considered as absolutely accu- 
rate, as in some instances it was extremely difficult to determine with certainty 
whether the therapy or the disease was responsible for tiie depression of the 
leucocyte count. 

A very severe neutropenia was observed in M. It, a 25-year-oid female 
with chronic myelogenous leukemia. She was started on radioactive phos- 
phorus therapy April 30, 1942, at which time tlie leucocyte count was 155,000 
Per cubic millimeter (Fig. 4). Within a period of thirty days she was given 
intravenously 9.537 millicuries of radioactive phosphorus. On the day of the 
'ast injection the white blood cell count was 23,400. Two weeks later, at a time 
"'hen the leucocyte count was 14,400, she was given two additional minute 
doses of 0.241 and 0.160 millicuries, respectively. Thirty-six days after tlie 
iast injection the white blood cell count had fallen to 950 per cubic millimeter, 
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of which only 9 per cent were polymorphonuclear neutrophiles. The only symp- 
toms associated with this agranulocytosis were soreness of the left lower jaw 
and aching in and below the mandible. The gums appeared dirty and there 
was a white membrane covering the entire gingival margin. The leucocyte 
count gradually rose during the subsequent three weeks and the symptoms 
subsided. 

Of the forty-one patients who developed leucopenia apparently as the re- 
sult of therapy, six had definite ulceration of the mouth or nasopharynx; the 
other thirty-five had no specific symptoms which could be attributed directly 
to the leucopenia. Five of these six patients had leueosareoma, and all had a 
profound neutropenia at the time therapy with radioactive phosphorus was 
instituted. The leucopenia which developed rapidly and dramatically in every 
case represented primarily a destruction of abnormal leukemic lymphocytic 
cells. Thus, while the rapid decrease in the leucocyte count was unquestionably 
dire 'to the therapy, the ulceration of mucous membranes might well have oc- 
curred even if no treatment had been given. 

The sixth patient, however, had polycythemia vera, and here both the 
rapidly developing leucopenia and the stomatitis were unquestionably due en- 
tirely to the therapy. This patient also developed a severe thromboctyopenia 
(Fig. 2). The leucocyte count prior to treatment was 43,700 cells per cubic 
millimeter. Twenty-four days after therapy (the equivalent of 5.67 millicuries 
given intravenously within a period of twenty-four hours) the white blood 
cell count had dropped to 1,450. In addition to the purpuric manifestations 
mentioned before, the patient complained of marked weakness and a severe 
headache. She was hospitalized and was given a blood transfusion in spite of 
the fact that the erythrocyte count was 6,650,000. The leucocyte count fluctuated 
between 1,100 and 1,900 for a period of three weeks, after which it gradually 
rose to normal. During this time she developed an anginal-like ulceration on 
the lower lip. This ulcer persisted for three weeks before finally healing. 

C. Anemia . — In Table I it is seen that 36 of the 100 patients developed an 
anemia which seemed to be due to the therapy. This figure includes only those 
patients whose erythrocyte level dropped by one million or more cells per cubic 
millimeter and to a level below 3,500,000. For example, all the patients with 
polycythemia showed a decrease in erythrocyte count of over 1,000,000 per 
cubic millimeter, but only the four patients in whom the red blood cell level 
fell to 3,500,000 cells per cubic millimeter or less are included in the 36 per cen(. 

In all of the patients the fall in the erythrocyte count was gradual and 
usually was not manifest for several months after treatment was begun. In 
only a very few instances was the resultant anemia severe, hut the depression 
of the erythrocyte count was surprisingly persistent. One patient with P°l'" 
cythcmia vera still has an anemia eighteen months after the last injection o 
radioactive phosphorus. 

The development of a profound anemia in a patient with polycythemia \ci a 
who was treated with moderate doses of radioactive phosphorus therapy is bbis- 
trated in Table III. It is interesting that this patient fell belter at the trme 
of ber most severe anemia than she had prior to therapy, even though she a so 
had a leucopenia and a mild thrombocytopenia. Her only symptoms at present 
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v Table III 

Anemia, Lkucopexia, and Mild T hi*omiio('ytoi*kxia in* a Patient With Polypitiiemia 
Vera Following Therapy With Radio votive Piiospi tours 


DATE 

RADIOACTIVE 

PHOSPHORUS 

(MILLICURIES) 

R.B.C. 

PER C.MSt. 

nn. 

(CM.) 

W B C 

nu c mm 

PLATELETS 

PER C.MM. 

7/14/43 

7/16/43 

0.979 

8,110,000 

22.3 

11 IIOO 

1,233,000 

7/20/43 

0.792 

7,S0O,000 

22.0 

j 2,150 

1,022,000 

7/23/M 

0.G30 

7,750,000 

21 2 

8,300 

1,800,000 

7/30/43 

1.035 

7,340,000 

21 7 

7.450 

1,044,000 

8/ 4/43 

1,148 

7,270,000 

21.2 

4,950 

507,000 

8/13/43 

1.080 

7,400,000 

22 

5,550 

328,000 

9/23/43 


5,250,000 

1.5.9 

2.830 

315,000 

12/ 1/43 


2,970,000 

9.2 

2.350 

125,000 

2/23/44 


3,820,000 

11.1 

3,100 

193,000 

5/12/44 


3,930,000 

12.5 

4,750 

320,000 


Total tieatmcnt, 5.664. 


Case Summary.' — R. S., a widowed female 05 years of nge, fust noted numbness and 
i-tiffness of her hands in the winter of lU-'lt*- 1940. .In January, 1941, *he began to have pain 
in the left upper quad i ant of the abdomen; she was told bj a plijsiemn that thi& was due to 
an enhuged spleen. The sharp pain disappeared in a few weeks and she has had onl> occa* 
sional aching since. In the spring of 1942 she began to tuc easily, the found it necessary to 
take a nap every afternoon whereas previously she had never slept during the day. She began 
to lose weight. In May, 1943, she nbticed numbness of the feet at night. Occasionally she 
would wake up scieaming with severe pain in her toes. She had headaches about once a 
week, never very severe. 

Physical examination at the time treatment with radioactive phosphorus was staited 
(July 1G, 1943) revealed the following: Blood pressuic was 183/115. Skin and mucous 
membranes were deep red in color with some cyanosis of lips, cars, and finger tips. Hair 
dyed (henna). The neck was stiff and there was limitation of movement in all directions 
as W ®U as pain in the cervical spine. The heart was enlarged. A hard, nontender spleen 
"as felt extending 18 cm. below the left costal margin. A sharp liver edge descended 4 em. 
below the right costal margin on inspiration. Theie were no other abnormal findings. Weight 
"as 115 pounds and height was 02 inches. 

Laboratory Data. — For cytologic studies of peripheral blood (see Table III). Sternal 
aspiration of bone marrow (July 13, 1943) produced clumps of marrow which were hard and 
failed to spread under the weight of the cover slip in the usual manner. Microscopically, 
the marrow was very hyperplastic; erythroid cells as well as myeloid elements and mega- 
karyocytes were present in. increased numbers. Blood volume as determined by the method 
°f Gibson and Evans, modified to permit use of the Evelyn photoelectric colorimeter, showed 
the plasma volume to be 2,380 c.c. and the total blood volume, 7,7S0 c.c. Blood chemistry 
studies were all normal. The basal metabolic rate was +15 per cent. Electrocardiogram 
showed right bundle branch block and occasional auricular piemature contractions. The lungs 
"ere clear on fluoroscopic examination. 


aie referable to severe hypertrophic osteoarthritis of the spine and arterio- 
sclerotic heart disease (electrocardiograms show a right bundle branch block). 
These changes were induced by a total dose of only 5.66 millicurics of radioactive 
Phosphorus. Prom the data recorded in Table IV, furthermore, it can be 
that there was a marked difference in the susceptibility of the eighteen 
Patients with polycythemia to the toxic effects of, radiophosphorus, Some sub- 
jects tolerated comparative! v largo doses, while others developed thioiubo- 
cytopenia, leucopcnia, and/or anemia when given much smaller amounts. 
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Most of the patients who developed a significant anemia complained of 
weakness and fatigability. However, in many cases these symptoms were pres- 
ent prior to therapy, and it was not possible to ascertain the percentage of pa- 
tients who developed symptoms as a direct result of the anemia 

I). Aplasia of the Bone Marrow . — At necropsy, localized areas of necrosis 
in the bone marrow were observed several times. In four instances, the marrow 
was found to be aplastic. This chnnge occurred in the tissues of J. S , a boy 
14 years of age who had leucosarcoma. When first seen, he had 4,400,000 red 
blood cells per cubic millimeter, 13.7 Gm. of hemoglobin, 15,600 leucocytes, and 
a platelet count of less than 10,000. Ninety-four per cent of the white blood 
cells were abnormal, immature lymphocytes. Bone marrow obtained by sternal 
aspiration showed an almost solid mass of leukemic cells; granulocytes and 
crythroid elements were rare; no megakaryocytes were seen. In the hope that 
therapy might lead to destruction of enough leukemia cells to permit formation 
of normal blood cells by the bone marrow, 6.858 millicuries of radioactive phos- 
phorus were given over a period of twenty-eight days. Although the platelets 
remained low, they did rise temporarily to 44,000 per cubic millimeter. The 
white blood cell count, however, fell to between 100 and 500 cells, and the num- 
ber of erythrocytes decreased steadily to 1,670,000 cells at the time of death, 
only thirty-one days after institution of therapy. The marrow at necropsy 
showed many areas of hemorrhage in addition to the aplasia. There were prac- 
tically no morphologic evidences of leukemia in any of the tissues. Two of the 
other patients who developed aplasia of the marrow also had leucosarcoma, 
while the fourth had Hodgkin’s disease. X-ray therapy had also been given in 
this latter instance. The four cases are similar to those studied by Kenney 7 ' 16 and 
by Diamond and Warren. 17 These observations, coupled with those which dem- 
onstrate that aplastic anemia may be produced in animals to which large doses of 
radioactive phosphorus are given, 1 emphasize the fact that caution must be 
exercised if the production of irreversible toxic effects on the marrow arc to be 
avoided. 

DISCUSSION 

Description of these hematologic complications of radioactive phosphorus 
therapy is in no way intended to deprecate the therapeutic value of radio- 
phosphorus. In almost all instances there was prompt recovery from the 
thrombocytopenias and leucopcnias, with slow recovery from the anemias which 
bad apparently been induced by the isotope. The only exceptions occurred 
among patients who were obviouslj' in the terminal stages of their disease. The 
experience being accumulated in this clinic confirms the conclusions of other 
workers, that radioactive phosphorus induces excellent remissions in patients 
with polycythemia vera, chronic myelogenous leukemia, and chronic lymphatic 
leukemia. The results arc at least as good as those obtained with other forms 
ef radiation therapy; they may prove to be better. Since, however, it is impor- 
tant to understand the dangers as well as the limitations of any ne\v therapeutic 
technique, the occurrence of these complications should receive the emphasis 
given to them in this report. This is particularly true because if they arc recog- 
nized and further therapy is withheld, the production of irreversible damage 
to the hematopoietic organs may be avoided. 



1040 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The higher incidence of thrombocytopenia, leucopenia, and anemia in this 
series of cases than in those reported from other laboratories may, in part, be 
explained by the fact that an attempt was made to bring the blood count of 
patients with leukemia to normal levels. This was done to obtain the maximum 
therapeutic effectiveness of the radiant energy. Most other investigators have 
stopped short of this goal and have preferred, rather, to treat their patients 
symptomatically. 

As is emphasized in Table IV, however, there is a wide variation in the in- 
dividual susceptibility to radioactive phosphorus therapy. The patients with 
polycythemia vera received doses of the material which were comparable to 
those used in other clinics. 10 ’ 11 'Some of the more severe complications were 
shown by subjects who had been given relatively small amounts of radiophos- 
phorus, while others who were given large amounts tolerated them well. Be- 
cause of the variation in susceptibility to the effects of this form of radiation 
therapy, dosage regulation must be individualized to a high degree. The 
hematologic complications may be so delayed, however, that even when great 
caution is exercised, they may appear weeks or months after the last dose of 
radioactive phosphorus has been given. 

Emphasis should also be given to the fact that therapeutically induced 
remissions were attended by a rise in the red blood cell count of over a million 
cells in eleven instances and by a rise of more than 500,000 platelets per cubic 
millimeter in twenty-three. Two patients with subleukemic leukemia and an 
initial white cell count of less than 2,000 showed increases in the leucocytes to 
more than 6,000 (Table I). These effects are similar to those often seen after 
x-ray therapy. 

SUMMARY AND CONCLUSIONS 

1. Of 100 patients treated with radioactive phosphorus for various hema- 
tologic dyscrasias, 44 developed a thrombocytopenia of less than 100,000 per 
cubic millimeter, and in 33 of these it was less than 50,000 ; 41 showed a leuco- 
penia of less than 3,000 ; and in 36 the red blood cells fell by more than 1 mil- 
lion cells to a level of under 3.5 million. "When more than one of these changes 
occurred in the same individual, the white blood cells usually decreased first, the 
platelets second, and the red cells third. Thrombocytopenia and anemia fre- 
quently appeared as late manifestations, occurring even weeks after therapy had 
been discontinued. 

2. Thirty-eight of the patients with thrombocytopenia appearing after 
therapy showed clinical manifestations of abnormal bleeding, and in one patient 
with polycythemia with severe neutropenia there developed an anginal-like 
lesion of the lower lip. Symptoms of weakness and fatigue appeared in several 
of the subjects whose red cell count fell to anemic levels. 

3. An aplasia of the marrow was apparently induced by therapy with 
radioactive phosphorus in three eases of leueosarcoma and one of Hodgkin s 
disease. 

4. As was best demonstrated in the patients with polycythemia vera, there 
was considerable variation in the susceptibility of different subjects to the toxic 
effects of radioactive phosphorus. In several instances, leucopenia, throtnbo- 
evtopenia, or an anemia followed comparatively small doses of the material. 
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Much larger amounts wore* tolerated by other patients without difficulty Dos- 
age must be individualized to a high degree. 

5. While the conclusion of other investigators, that radioactive phosphorus 
is a valuable therapeutic agent in the treatment of polycythemia and chronic 
leukemias, is confirmed, emphasis is given to the observation that severe 
thrombocytopenia, leucopenia, a moderate anemia, and aplasia of the bone 
marrow may occur as complications ol' the therapy. The blood of patients 
treated in this manner should be studied at frequent intervals so that the he- 
matologic changes can lie recognized early and further administration slopped 
lief ore irreversible toxic effects on the hone marrow are produced. 
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SALMONELLA POOD INFECTION IN MILITARY PERSONNEL 


An Outbreak Caused by S. oranienburg, S. typhi murium, and S. anatum 


Captain William Greifinger, M.C., and Joseph K. Silberstein, M.A. 


F OOD infection is defined by Dunham 1 as an acute gastroenteritis caused by 
the ingestion of food contaminated with specific organisms. The paratyphoid 
or Salmonella group is the most common offender. Herein is described an out- 
break of 115 cases of food infection in military personnel caused by three mem- 
bers of the Salmonella group, specifically 8. oranicnburr/, S. typhi murium, and 
S. anatum. 

clinical observations 

On July 25, 1943, twenty-eight individuals, all males from 21 to 50 years 
of age, were admitted to the hospital complaining of nausea, vomiting, abdominal 
cramps and diarrhea of sudden onset. Bowel movements were frequent, eight 
to fifteen per day, loose, watery, brownish-green in color. Gross or occult blood 
was present in fourteen of the patients ’ stools. In ten specimens there was pus, 
three of which had considerable pus and mucus. No ova or parasites were found 
in any of the stools examined. 

Those patients who had nausea and abdominal cramps were rid of these 
symptoms in 24 to 48 hours. The diarrhea lasted longer, the range in duration 
being 1 to 6 days, average 3 days. All patients admitted one to two days after 
the onset of illness had temperature elevation, 101° P. to 104° P. There was a 
slight leucocytosis present in the blood counts taken at this time. None of the 
patients was prostrated and none died. 

All patients had been eating at the same mess daily. Epidemiological studies 
were made by investigators in an attempt to determine the cause of the outbreak. 
Those common foods eaten by most of the men at the evening mess were fried 
fish, tartar sauce, and rice pudding. At the time of the onset of symptoms, 
none of this food was available for laboratory examination. The fish was sus- 
pected because it had been noted that the ice refrigerating it had melted. The 
incubation period appeared to be 6 to 24 hours after the ingestion of the food. 

In 72 hours, the first cultural reports of the stools were presumptive!.' 
positive for Salmonella, and consequently eighty-seven additional men who had 
eaten at this mess were hospitalized. Most of this latter group had normal stools 
and the usual number of bowel movements. They gave a history of having had 
mild diarrhea prior to admission, however. (Table I.) Some who had no symp- 
toms were later found to have positive stool cultures. 

It was decided to retain these men in the hospital until 3 consecutive stooi 
examinations were negative for Salmonella. Stools were cultured twice weekh 
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Table I 


SYMPTOM 

NO. PATIENTS 

PFR cent patients 

TOTAL 115 

Nausea 

25 

21.7 

Vomiting 

4 

3.5 

Cramps 

83 

1 

Diarrhea 

107 


Shock 

0 


Death 

0 



until the number of patients decreased sufficiently to permit examinations at 
more frequent intervals. 


LABORATORY OBSERVATIONS 

Feeal specimens were obtained in paraffin-coated sputum cups. Since the 
patients were in the hospital, these specimens were readily obtained and no 
preservative was necessary. In the laboratory they were examined as to color, 
character, and the presence of gross blood. Where there was no blood visible, 
the orthotolidine test for occult blood was performed as described by Simmons. 

A small portion of the stool was emulsified, using physiological saline solution. 
This emulsion was placed on a microscope slide and examined for red blood eel s, 
mucus, pus, ova, and parasites, especially Endamocha histolytica • 

A systematic method as outlined by Littman 3 was found most essential m 
handling the specimens involved in this outbreak. A chart was made consist- 
ing of the patients’ names arranged alphabetically, dates, and bactenologica 
findings. After the inoculation of the culture media, all specimens yere in- 
cinerated. It was deemed impractical to keep stools for restreaking as recom- 
mended by Mayfield and Gobcr. 4 Q 

For bacteriological examination the following routine was emp ov e . 
(Shigella-Salmonella) plates were heavily streaked. A portion of feces a ou 
the size of a bean was placed in sclenite-F enrichment broth and ot i me in 
were incubated 18 to 24 hours. At the end of this time, three to four colorless 
colonies or those with bull’s-eye appearance on SS agar were fished and in- 
oculated into slants of ICligler iron agar. The enrichment culture medium was 
streaked heavily onto SS agar. Both media were incubated 18 to 24 hours. 
The Kligler iron agar slants were then observed for fermentation. 

Gram’s stain and motility tests were made from growth on t esc s an s. 
At this time, if there was a growth of a gram-negative, moti e, nonsporm 0 
bacillus which produced acid and gas in the butt, hydrogen sulfide, and an 
alkaline slant, it was reported as follows, “Presumptive test positive foi bal- 

monella — confirmative report to follow.” ... i 

It was thought impractical to cany all cases of tins outbreak to a conclu- 
sion at this point, because of the large number of specimens involved. B> the 
selection of representative cultures from the total number of eases presumptive^ 
positive for Salmonella and employing the necessary carbohydrate fermentation 
and serologic tests, the etiological agents were identified. 

In our bacteriological examinations, the following differential media were 
employed: desoxycholate-citrate agar, B.BJi.,* eosin-methylene blue agar, D.fco 
and SS agar, Difco. e The medium yielding the largest percentage of positat es 
in our experience was SS agar. This is in accord with the findings of ilayfie d 
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and Gober, 4 Hardy, Watt, and DeCapito/ Dack s and others. It was found that 
the plates of this medium could and should be heavily inoculated. They did 
not produce an overgrowth, however, as was noted with cosin-methylene blue 
agar plates. They also remained clear whereas the desoxyeholate-citrate agar 
plates became cloudy and opaque, especially when laetose-fcnnenting organisms 
were present in any number. The good results obtained with this medium, its 
simplicity of preparation and economy recommend its use. 

An enrichment medium such as Leif. son V selenite-F, B.B.L. 5 was found 
to be invaluable in the culturing of specimens from carriers and in those con- 
taining few enteric organisms. It is essential, however, to streak the stools 
initially on a plate as well as inoculating an enrichment medium because Proteus 
or Pseudomonas may overgrow the Salmonella when either is present. Also, 
when there are more than one Salmonella species present, one species may over- 
grow the other in this enrichment broth. 

As a fermentation test medium, Kligler iron agar 0 was found to he more 
satisfactory than Russell double sugar agar because it contains an iron salt 
which is an excellent indicator of hydrogen sulfide production. The use of this 
medium in 3 to 4 c.c. amounts, in "Wassermann or Loeificr tubes, effected a great 
saving of material. 

Not all the carbohydrates initially employed by us were found to he es- 
sential. The use of dextrose, lactose, sucrose, maltose, mannite, inosite, trypfone 
water (indol), salicin, and d-sorbitol as recommended by Saphra and Silber- 
berg 10 were found to be satisfactory for biochemical study. 

Final identification was made serologically using spot group agglutinations, 
and then the antigenic structure of the Salmonella was determined using the 
Kauffmann-White schema. 11 This indentification was made in the laboratory 
of the New York Salmonella Center, Beth Israel Hospital, New York. 

CLINICAL COURSE AND THERAPY 

Patients were treated symptomatically on admission to the hospital and 
bv the end of the first week the symptoms of gastroenteritis bad subsided. When 
the stool cultures revealed the causative organisms to he Salmonella, treatment 
with sulfaguanidine (sulfanilyl guanidine) was initiated. This chemotherapeu- 
tic agent was first studied by Marshall and bis colleagues, 12 and suggested for 
the treatment of bacterial intestinal infections. This sulfonamide is slight’)' 
water-soluble, and poorly absorbed from the intestines. A course of 36 Gni. of 
the drug was given to all patients between Aug. 2 and Aug. 5, 1943 (second 
week). That this was slightly beneficial is shown in Fig. 1, where it is noted 
that there was a slight decrease in the census of patients confined because of 
this outbreak. It is to be recalled that no patient was discharged to duty until 
three consecutive negative stools were obtained. A second course of sulfit- 
guanidine, 4 dm. per day, was given to the patients from Aug. 21 to Aug. 23 
(fourth week). A few patients were found to have three negative stools follow- 
ing this course. It is notable that after this second administration of sulia- 
guanidine, 6'. typhi murium was not recovered again in any stools. There was 
no reaction to the drug. Blood levels of sulfaguanidine were under 1 mg- I' c! 
cent. 



UUKinXGiai AND S1LBEKSTKIN: SALMONELLA l’OOD IN LECTION 


1045 


A course of .sulfasuxidinc consisting of 4 fim. daily for 3 clays was given to 
all patients Sept. 23 to 25 (ninth week). It was noted that there was a reduc- 
tion of enteric pathogens (nonlactose-fermenting organisms) on differential 
media. S. anatum was decreased markedly (sec Fig. 1), while orauienhurg 
was decreased slightly. 



\ 2 3 4 5 6 7 8 $ 10 ll 12 13 

WEEKS AFTER ONSET 


Fiff. 1. 

Because of the satisfactory results obtained with this dosage, the 12 remain- 
ing carriers at the eleventh week were subjected to larger quantities of this sul- 
fonamide. Starting Oct. 13 and for 5 successive days, a total of 75 Gm. was 
given to 0 of these patients. All these patients’ stools were free of Salmonella 
thereafter. The other 6 were used as controls. Two of these became negative 
spontaneously, while four remained persistently positive for S. oranienburg. 
These carriers were then given 20 Gm. of sulfasuxidinc in 2 days and they too 
became Salmonella free, as determined by seven daily negative stools. 

There were no toxic reactions following this sulfathcrapy. Blood counts 
laken during this period were within the normal range. Urine analyses revealed 
fio pathological findings. None of the patients complained of nausea, headache. 
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or rash. The concentration of this sulfonamide in the blood was consistently 
low, and usually less than 1 mg. per cent. This tends to confirm the findings 
of other investigators that a'high concentration of this drug is maintained in the 
gastrointestinal tract with a low concentration of the drug in the blood. 

PERSISTENCE OF SALMONELLA INFECTION 

The incidence and persistence of the enteric pathogens in the 115 cases is 
shown in Table II. As previously stated, this outbreak was due to a multiple 
infection of Salmonella. The incidence was recorded and presented graph- 
ically in Pig. 1 in reference to the different species of Salmonella cultured from 
the patients’ stools either during or subsequent to the week stated. Each pa- 
tient was considered positive as long as one of the Salmonella was recovered from 
his stool. 

During or following the first week, 109 (94.8 per cent) patients were found 
to have stool cultures positive for one or more of the Salmonella. S. oranicnburg 
was recovered from 100 (86.9 per cent) patients, whereas S. typhi murium ap- 
peared in 27 (23.4 per cent). In 6 (5.2 per cent) patients the etiological agents 
were never recovered. 


Table II 

Persistence of Salmonella Infection as Determined bv Fecal Cultures in 115 Patients 


"WEEK FOLLOWING 
INGESTION OF 
SUSPECTED FOOD 

NUMBER AND 

per cent patients positive 

TOTAL NUM- 
BER POSITIVE 
CASES SINGLE 
or MULTIPLE 

PER CENT TO- 
TAL POSITIVE 
CASES SINGLE 
OR MULTIPLE 

S. oranien- 
burg 

S. typhi 
murium 

S. anatum 

1 NO- 

% 

NO. 

% 

NO. 

% 


hn 

SG.9 

27 

23.4 

0 

0 

109 

94.8 


94 

81.7 

18 ' 

15.6 

0 

0 

104 

90.4 

■ 

74 

64.3 

6 

5.2 

14 

12.2 

87 

75.7 


68 

59.1 

4 

3.4 

s 

6.9 

73 


Fifth 

52 

45.2 

3 

2.6 

6 

5.2 

50 

48.7 

Sixth 

48 

41.7 

0 

0 

9 

7.8 

51 

44.3 

Seventh 

38 

33.0 

0 

0 

10 

S.7 

44 

38.3 

Eighth 

27 

23.5 

0 

0 

14 

12.2 

36 

31.3 

Ninth* 


17.4 

0 

0 

16 

13.9 

. 28 

24.3 

Tenth 

16 

13.9 

0 

0 

2 

1.7 

17 

14.S 

Eleventh 

12 

10.4 

0 

0 

1 

0.9 

12 

10.4 

Twelfth 

7 

6.1 

0 

0 

0 

0 

7 

6.1 

Thirteenth 

6 

5.2 

0 

0 

0 

0 

6 

5.2 

Fourteenth 


0 

0 

0 

0 

0 

0 



•Sulfasuxidine administered. 


Table III indicates the true nature of the multiple infection. In pure cul- 
ture, there were 45 (39.1 per cent) cases of S. oranicmbury, but only 4 (3.5 pel 
cent of S. typhi murium and 4 (3.5 per cent) of S. anatum. 

There were various combinations of Salmonella in some cases. In 16 J13.9 
per cent), S. oranicnburg and S. typhi murium were found, in 33 (28./ per 
cent), S. oranicnhirg and S. anatum, and 1 (0.9 per cent) had a combination 
of S. typhi murium and S. anatum. There were 6 cases of infection wit i a 
three species. 

In summing up the incidence of each species it is noted that S. oranicnburg 
was found in 100 (86.9 per cent) cases, S. typhi murium in 27 (23.5 pel cent 
and S. amtum in 44 (38.2 per cent) either in combination or alone. 
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Table III 

Incidence of Salmonella Infection Single and Multiple 


ENTERIC PATHOGEN 

NUMBER PATIENTS 

PEE CENT PATIENTS 

POSITIVE 

POSITIVE 

Single: 



S. oranienhurg 

43 

30.1 

S. typhi murium 

4 

3.5 

S. anatum 

4 

3.5 

Multiple: 


13,9 

S. oranienhurg 
*9. typhi murium 

It! 


*9. oranienhurg 
•9. anatum 

32 

28.7 

S. typhi murium 

S. anatum 

1 

0.9 

*9. oranienhurg 



A*. typhi murium 

S. ana turn 

0 

5.2 

Xogathe 


5.2 

Total 

iio 

100.0 


SEROLOGIC OBSERVATIONS 

It is noteworthy that all these patients had received a course of triple ty- 
phoid vaccine (TAB) containing E. typhosa , £». paratyphi (para A) and S. 
schottmuclleri (para B). 

Initial bloods were collected on Aug. 6, 2 weeks after onset (see Table IV), 
and tube agglutination tests were performed at 56° 0. for 2 hours, using 
homologous cultures of S. typhi murium, S. oranienhurg or both. 0 8. anatum 
was not included at this time, because this organism had not yet been recovered 
from the stools (see Tabic II). All of the 23 patients from whom blood was 
drawn had symptoms, and their stool cultures were positive for one or both of 
the Salmonella. Four of the five sera tested with S. typhi murium showed no 
agglutination titer, although this organism was recovered from the stools 
(Table IV, Nos, 7, 9, 12, 14). The remaining one showed a 2+ titer at 1:200 
dilution (No. 23). When the bloods were tested with the homologous antigen 
S. oranicjiburg, however, IS showed a definite antibody titer, 1:3200 in some 
instances (Nos. 11 and 12), and the majority agglutinated at 1:200. A feu 
specimens had lower titers, 1 :50 and 1 :100. In all instances where 8. oranien - 
burg was recovered from the stool, the homologous antibody was present in 
the patient's blood at the end of this 2-week period. In the two cases where 

oranienhurg and S. typhi murium were recovered from the stools (Nos. 12 
and 14), the bloods titrated with the homologous antigens showed strong titer 
f or 8. orantctibur#, 1:3200 and 1:800, while they were negative for S. typhi 
murium in all dilutions. 

Thus, at the end of the second week, it was possible to confirm the diag- 
nosis of Salmonella infection by means of blood agglutination tests. 

The second blood specimens were collected from 2S patients on Aug. 34 
and titrated with the apparently predominant organism, S. oranienhurg. Nine 

-These tests were perfotmed by M/Pst. Robert J. Helmold of the Bacteriology Pepart- 
etlt of the Second Sen ice Command Laboratory 
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Table IV 
.Serologic Data 


(Aug. 0, 1943) 


PATIENT 

i SALMONELLA RECOV- 1 
EKED IN STOOL 
j AND ANTIGEN USED 

1/50 

BLOOD TITER (2 HR. @ 56° C.) 

SERUM PILUTIOXS 

1/100 1/200 1/400 ■ 1/800 1/1G00 

1/3200 

i 

S. oranienhurg 

2+ 

2-t- 

0 

0 

0 

0 

0 

2 

S. oranienhurg 

3+ 

3+ 

0 

0 

0 

0 

0 

»» 

o 

S. oranienhurg 

4+ 

4+ 

4+ 

4+ 

0 

0 

0 

4 

S. oranienhurg 

4+ 

4+ 

2+ 

0 

0 

o- 

0 

5 

S. oranienhurg 

4+ 

4+ 

4+ 

4+ 

44 

0 

0 

fi 

■S', oranienhurg 

4+ 

4+ 

4+ 

0 

0 

0 

0 

7 

S. typhi murium 

0 

0 

0 

0 

0 

0 

0 

S 

S. oranienhurg 

2+ 

2+ 

0 

0 

0 

0 

n 

9 

S. typhi murium 

0 

0 

0 

0 

0 

0 

0 

10 

S. oranienhurg 

4+ 

4+ 

4+ 

2+ 

0 

0 

0 

11 

S. oranienhurg 

4+ 

4+ 

4+ 

4+ 

44 

4+ 

3+ 


| fS. oranienhurg 

4+ 

4+ 

4+ 

4+ 

44 

44 

24 

12 

| typhi murium 

0 

0 

• 0 

o ■ 

0 

0 

0 

13 

1 S. oranienhurg 

4+ 

4+ 

4+ 

44 

34 

0 

0 


(.S’, oranienhurg 

4+ 

4+ 

4+ 

44 

24 

0 

0 

14 

] S. typhi murium 

0 

0 

0 

0 

0 

0 

0 

15 

S. oranienhurg 

4+ 

4+ 

2+ 

0 

0 

■0 

0 

16 

S. oranienhurg 

2+ 

1+ 

0 

0 

0 

0 

0 

17 

S. oranienhurg 

4+ 

4+ 

4-r 

44 

4+ 

24 

0 

IS 

-S. oranienhurg 

2+ 

0 

0 

0 

0 

0 

0 

19 

S. oranienhurg 

2+ 

2+ 

0 

0 

0 

0 

0 

20 

.S’, oranienhurg 

4+ 

4+ 

4+ 

44 

44 

24 

0 

21 

.S’, oranienhurg 

4+ 

4+ 

4+ 

4-f 

24 

0 

0 

22 

S. oranienhurg 

4+ 

4+ 

4+ 

44 

24 

0 

0 

23 

S. typhi murium 

3+ 

3+ 

2+ 

0 

0 

0 

0 


■H — coarse flocculation — clear supernatant fluid 
3-1 — coarse flocculation — slightly turbid fluid 
2i — fine flocculation — moderately turbid fluid 
1) — very fine flocculation — moderately turbid fluid 
0 — no flocculation — opalescent fluid 


of these specimens were from patients whose sera had been tested previously. It 
was found that there was a persistence and in some instances an increase m 
antibody titer. In the remaining nineteen new specimens drawn from patients 
whose stools were known to he positive for this bacillus, definite titers were ob- 
tained, varying from 1 :100 to 1 :3200, the majority being 1 :200. 


Number of bloods tested previously and now repeated 9 
Persistence of titer 4 

Increase 3 

Slight, decrease 2 


The third blood specimens were drawn from 69 patients on Aug. 24 
(fourth week). They were now tested with S. oraninilmrg, S. typhi murium 
and S. anafum, since one or more of these pathogens had been recovered fi° m 
the patients’ stools. Thirty-two of these patients had had at least one previous- 
agglutination test for S. oranienhurg. with the following results: 


Number of bloods tested previously and now repeated 32 
Persistence of titer *4 

o 

Increase 5 

Decrease 
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Sera from the other 37 patients gave a definite agglutination titer for S 
oranienburg ranging from 1:50 to 1:1000. Patients from whom S anatum and 
S. typhi murium had been recovered showed little or no titer for these organisms 
Two cases in which only S. typhi murium was found in the stools shooed 
positive titer for S. oranienburg in the patients' blood In a few iint.ims - 
S. typhi murium antibody was 1:50 or 1:100, which may be attributed in pa:t 
to the TAB vaccine, since S. schottmuelleri has a similar somatic anfisenn 
stracture. 

On Sept. 25 (two months), a group of 31 blood sera was tested. All were 
titrated against S. oranienburg, because, as previously noted, this was the one 
organism which produced definite antibody reaction. 

Number of bloods previously tested and now repeated 26 
Persistence in titer 8 

Increase 3 

Decrease 15 

Eighteen of these sera still had a relatively high titer for this Salmonella, 
about 1 :400 and as high as 1 :3200 in some instances. There were 2 cases in 
which S. anatum was the only organism recovered in the stool. Their blood 
sera, however, showed a high titer, 1 :1G00 for ,9. oranienburg, again proving 
the multiplicity of the infection. Sera from the 5 patients tested for the first 
time gave a definite agglutination titer for S. oranienburg. 

On Oct. 22, 9 blood sera were examined for antibody titer with S. oranicn- 
burg. All showed a decrease in titer, although in some it persisted, 1 :400. 

Number of bloods previously tested and now repeated 9 

Persistence in titer 3 

Increase ® 

Decrease ' I 

Decrease to negative 2 

In conclusion, a rapid titer was produced at the end of the second week for 
S. oranienburg, slight or no titer for S. typhi murium and S. anatum. There 
was a gradual decrease and at the end of three months there was but weak anti- 
body present, in some instances none. ' 

DISCUSSION 

There have been several reports of multiple enteric infections described in- 
die literature, especially in reference to epidemics. Edwards and Bruner”, 
noted multiple infections caused by various paratyphoid bacilli in fowl. Born- 
stein," Hormaeche, et al. ls and Sehiff and Saplira” described human cases of 
food infection in which more than one species of Salmonella were recovered 
m the stools. That this is also the case in outbreaks of dysentery lias been 
stated by Toptey and Wilson" and by Hardy and Watt.” In this outbreak 
three distinct species were involved, S. oranienburg, S. typhi murium, and 
8- anatum. ... 
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S. oranienburg was found in 100 of the cases, by far the greatest incidence 
of specific Salmonella. Because of this and the positive blood serum agglutina- 
tions obtained with this organism, it may be considered the most important 
etiological agent. It is evident, however, in this outbreak, that all three Sal- 
monella were originally ingested with the contaminated food. 

(S', oranienburg was first isolated from the stool of a healthy boy and de- 
scribed by Kauffmann™ in 1930. The Kauffmann-White schema” lists this 
organism in group C as having the following antigenic structure : VI, .VI., .VII : 
m,t, . 

In 1936, Edwards 20 described a ease of S. oramenburg in quail. Schiff and 
Strauss, 21 in 1939, identified this organism in the feces of a three-vear-old child 
with gastroenten'tis, the first such case to be recorded in the United States. 

S. anatum was first isolated from ducklings by Rettger and Seoville 22 in 
1919. It is placed in group E and its antigenic formula is 1II.X.XXVI : e,h : 1,6. 
Bergey, et al. 23 state that S. anatum frequently occurs in association with 3. 
typhi murium. 

S. typhi murium, a natural pathogen of rodents, was first isolated from n 
mouse in 1890 by Loeffler and given the name of B. typhi murium. In 1898, 
DeNobelc 24 recorded a case of gastroenteritis caused by this organism under the 
name of 8. aertrycke. The Kauffmann-'White schema places this organism in 
group B with the antigenic structure [I]. IV. [Vj. XII : i : 1,2,3. With the excep- 
tion of S. schoftmuctlcn, it is the most widely distributed of all the Salmonella. 2 '' 

Edwards and Bruner*® have demonstrated that each one of the Salmonella 
found in this outbreak can produce symptoms in most warm-blooded animals. 

Clinically, the course of the disease in all cases was of short duration. The 
symptoms of gastroenteritis disappeared, but the stool cultures were positive 
for one or more Salmonella at repeated intervals. It is notable that in the 6 
eases in which all three species were found none was more acutely ill than any 
other ease. When Salmonella invade the blood stream, however, the symp- 
tomatology becomes much more acute. Jager and Lamb 27 reported 2 cases of 
S. oramenburg bacteremia. Since the infection involved in this outbreak mas 
appai'ently confined to the gastrointestinal tract, blood cultures were not taken. 

The importance of serologic tests using the patients’ homologous antigen 
proved of great value in our study. The titer for S. oranienburg was high and 
persistent. At no time was there a significant titer for 8. typhi murium oi 
S. anatum. Thus, 8. oranienburg was the one organism which caused an ami- 
body reaction. Mosher, et al. 2s observed no significant antibody titer in patients 
involved in an outbreak of enteritis due to S. typhi murium. Kross and Schiff 
however, found an agglutination titer of 1:1,600 in a case of S. typhi murium 
enteritis which simulated appendicitis. Other authors have found blood liter* 
for members of the Salmonella group, although it appears that a titer f Q1 
specific agglutinin is not always produced following an enteric Salmonella infec- 
tion. Jager and Lamb 27 reported a titer for S. oranienburg. 

The occurrence of Salmonella carriers has been described by Rubensteia, 
Feemster and Smith. 30 Mosher, et al. 26 demonstrated S. typhi murium in stoe s 
of convalescent carriers for eighteen weeks. In our eases S. typhi murium 
not recovered after the fifth week. This may lie due to the influence of sn a 
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guauidiuc or to the mechanical removal of the organisms in the course of time. 
S. tpuifum was first identified in the stools during the third .week. In all, forty- 
four patients were found to harbor this organism. Sinn* the patients were iso- 
lated and the organism was obtained from patients oil different wards, sec- 
ondary contamination was unlikely. The preponderance of tf. onniicnbunt and 
tS. typ/ti murium colonies, however, increased the likelihood of these organisms 
being fished and studied for identification. The possibility of fewer S. miatum 
organisms originally ingested should not he merlooked Ihirk* states that the 
smaller the number of organisms swallowed, tin* l um»et ihr incubation period, 
and that during the acute symptoms one may obtain practical) v pure cultures. 
8. ojiofum persisted for eleven weeks, and if. nrannnhvvtf tor thirteen weeks. 

The carrier state is a source of danger to (he imlividu.il harboring the 
organism and as the origin of outbreaks. It was with tl is in mind and in 
reference to the increased hazard where persons have linn congregated that 
these patients were kept in the hospital until three const np i\e negative stools 
were obtained. The actual hazard has been demonstrated b\ ll. rdy and Watt 31 
in the ease of fingernail studies in which Shigella organism . were recovered. 
Fingernail studies performed on twelve carriers posit i\c toi *S. wtmienbw# 
were negative. 

Two sulfonamides were employed in an attempt to eliminate these pathogens. 
Sulfaguanidine was administered early in the course oi the infection and may 
have been effective in the removal of S. typlii murium There was little or no 
effect noted with regard to the number of patients whose stools were persistently 
positive for S , oranienburg and S . a nut um. 

When succinyl sulfathiazolc was given these patients, the convalescent car- 
rier state was markedly curtailed. Ivirby and Rant* 1 * used this sulfonamide 
with good results in the treatment of dysentery carriers, but found it to be of 
110 value in the treatment of typhoid carriers Toth, et al. 3i reported prompt 
recovery of bacillary dysentery carriers following the administration of snlfa- 
Huxidinc in small dosages. At the end of the first course of this drug, consist- 
ing of 12 Gtn, over a period of three days, nearly all of the patients’ stools were 
cleared of S. cniftimn. This small dose was insufficient to produce a marked ef- 
fect on S. oranienburg. Barker”* 1 recommends a dosage oi 0.25 Gni. per kilo- 
gram for 5 to 7 days to eliminate dysentery bacilli in the stools of carriers. 
Following the second course of succinyl sulfathiazolc, consisting of 75 Gm. over 
a 5-day period, there was a notable decrease of S. ornniwbnrij carriers. The 
bacteriostatic effect of this sulfonamide was noted culturally and is presented 
graphically i n pj g . j. 

summary 

• I . An outbreak is reported involving 115 eases of acute gastroenteritis in 
Military personnel eating at the same mess. 

2. The causative organisms identified on stool culture were S. oranienburg 

m MO (86,9 per cent) cases, S. murium in 27 (23.5 per cent) and S. 

'ixatuui in 44 (38,2 per cent). 

3. The convalescent carrier nature of the organisms was determined by fre- 
'Ifient stool examinations. S. oranienburg persisted for 13 weeks, S. minium for 
H weeks and S. typhi murium far 5 weeks. 
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4. Etiological agents were identified culturally, biochemically, and sero- 
logically. ■ 

5. A high antibody titer for oranienburg was demonstrated by blood 
serum agglutinations. 

6. Suceinyl sulfathiazole in adequate dosage had a bacteriostatic effect on 
S. oranienburg' and S. anaium, aiding in the termination of the carrier state. 
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4. Etiological agents were identified culturally, biochemically, and sero- 
logically, 

5. A high antibody titer for S. oremienburg was demonstrated by blood 
serum agglutinations, 

6. Suceinyl sulfathiazole in adequate dosage had a bacteriostatic effect on 
S. oranicuburfj and 8. (outturn, aiding in the termination of the carrier state. 
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slow and several years were required to neemnuinte enough dried organisms 
to proceed with chemical extrmMnm and analysis For inclination on the 
nitrogenous constituents of the organism, the mitogen distnhution in the dried 
bacteria was determined by the Cavctr modifiratum of the Van Slyke 0 pro- 
cedure, The ash content was determined hy heat mg to redness in a muffle 
furnace for six hours. Phosphates wei e estimated hy the Fiske and Subharow 10 
method on acid solution? of the ash. The eolorjmeliic method of Shinohara 11 
was used to determine cystine, and the l>< tt« dn td>etu,s method was used for 
total sulfur. The average values obtained me slum u in Table 1. 

Tablf l 


Bacterial Awn'i*. 



|C STRAIN* 
PEP. CENT 

OF TOTAL X 

<1 ' It \f V ‘ 
H » (IS. 

|<M M V 

Jl* STRAIN* 
PER TEXT 

CO STRAIN t 
PEE CENT 

Amide N 

13.16 

1 * *" 



Itumin N 

4.17 




Dibasic X 

29.52 

_•< °r 



Arginine 

8.5.3 

■* 



Histidine 

9.94 

i - 



Lysine 

10.45 

i ^ 



Cystine 

0.58 

it ”, 



-Mono- anil non-amino N 

53.61 

5i : 



Amino N 

48.10 

43 \<> 



Total N accounted for 

100.46 

wo.t> 



Ash 



13.91 

13.00 

Phosphorus 

Sulfur 



1 86 

0 45 

1.80 

0.47 

Nitrogen 



bi.ls 

12.79 

•Iowa City strain. 
tCouncil Rluffs strain. 

extraction PROCESS 




In preliminary experiments phenol and triehloracetu cut were found un- 
satisfactory as solvents for isolating the carbohydrate from the dried ground 
organisms. Diethylene glycol, which had been tried by Morgan, 18 gave good 
results until dialysis with cellophane was attempted; the carbohydrate passed 
through the cellophane casing and the yield was lost in the dialysate. Fuller's 
method 13 for obtaining polysaccharides from streptococci, employing fonna- 
mide as the solvent, was found satisfactory. 

The dried ground bacteria, usually in 5 or Id Oni. portions, were heated with 
13 volumes of formamide at 150° C. for 20 minutes. After cooling, 2*/* volumes 
of acidified alcohol were added, the precipitate was filtered off and re-extracted 
twice with 70 per cent alcohol. The combined alcoholic extracts were mixed with 
an equal volume of acetone and the precipitate which contained the extracted 
carbohydrate was separated by centrifugation and dissolved in a small amount 
of water. A portion remained undissolved even after small amounts of dilute 
acid were added. This insoluble fraction was largely tmcleoprotein. 

Further separation of the water-soluble material was effected hy fractional 
Precipitation with acidified acetone. Two to 5 volumes of acetone precipitated 
frost of the carbohydrate. Addition of 15 volumes of acetone to the super- 
natant liquid produced a surprisingly large precipitate. Thus three fractions 
"’ere obtained: nueleoprotein, carbohydrate, and the 15-volume acetone pre 
eipitate. 
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CHEMICAL STUDIES 

Chemical studies on the above fractions were confined to the carbohydrate 
and the 15-volume acetone precipitate, since the amount of nucleoprotein was 
insufficient for analysis. 

Aqueous solutions of the carbohydrate did not reduce Benedict’s solution 
until after hydrolysis. The biuret test was weakly positive. The iodine test 
for' glycogen was negative ; the Molisch test was positive in every case. Posi- 
tive tests for pentose were given by Bial’s and the naphthoresorcinol test. 
According to Tollens’ naphthoresorcinol test glycuronic acid was not present. 
Methyl pentoses were not present as shown by a negative response to the am- 
monium molybdate test, the Tollens and Rorive modification of the naphtho- 
resorcinol test and spectral reactions. Characteristic osazone crystals were 
formed as irregular rosettes with smooth broad petals ; they were soluble in 
hot water. These osazones could not be identified with those prepared from 
pure specimens of several pentoses and hexoses. 

Sugar analyses were made by the Somogyi method 14 with the microsugar 
reagent. Hydrolysis of 5 to 10 mg. samples was carried out by gentle boiling 
of the mixture on a sand bath under a reflux with 5 c.c. of 0.5N ITC1 for five to 
eight hours. The method of Somogyi 15 was used for the determination of 
fermentable and nonfermentable sugar. Larger samples of the polysaccharide 
(15 to 30 mg.) were hydrolyzed for this procedure. 

Nitrogen was estimated by a semimacro-Kjeldahl method on 5 to 10 mg. 
of material. Amino nitrogen was determined by the Kendrick and Ilanke 
modifications 16 ' 17 of the Van Slyke method on aliquots of acid hydrolysates 
(0.5N HC1) containing 5 mg. of the polysaccharides. 

Ash was determined by igniting 20 mg. samples at bright red heat for six 
hours in a muffle furnace. Phosphates were estimated by the Fiske and Snb- 
barow 10 method on acid solutions of the ash. 

The specific rotation of the preparations was measured on aqueous solu- 
tions which were then made 0.5N by the addition of hydrochloric acid and 
hydrolyzed for six hours, as described previously. 

Equivalent weight was obtained by titration of 20 mg. samples with 0.01N 
NaOII and plienolphthalein as the indicator. The samples were dissolved in 
approximately 1 c.c. of water. 

Since the qualitative tests for pentose and uronic acid are so closely re- 
lated, a modification of the method of Bowman and McKinnis 18 for the simul- 
taneous determination of pentose and uronic acid was used in the quantitative 
estimation. The furfural that was formed was measured by Heidelbei'ger s 
modification 10 of the Pervier and Gortner method. 20 Uronic acid was not pres- 
ent in the polysaccharides since the formation of barium carbonate never ex- 
ceeded that of a blank determination. Samples of arabinose (10 mg.) were 
analyzed for their pentose content by this method. Values of from 9.7/ to 
10.26 mg. were obtained in six determinations. 

The glucosamine content of the polysaccharides was estimated by a combi- 
nation of the methods of Palmer, Smyth, and Meyer, 21 and Elson and Morgan. 

The average values for some of the preparations are shown in Table IP 
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Table II 

Polysaccharide An \ l \ sr- 



IC STRAIN 

PROM PROM 

10 CM. 3 CM 

i n 

i RH\r 
|0 (,\f 

1 1* UY 

> ROM 

7 u\t 

15-you'mf. 

ACETONE 

PRECIPITATE 




r r 

/-• 

% 

Beducing sugar after hydrolysis 

18.27 

*21.50 

10 J|» 

10 H4 

1 50* 

Nonfermentablo sugar 

15.S2 

is «.»» 
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1 7 fiO 

1 13 
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2,43 
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1 7l 
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0 35 

Pentose 
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10 (,1 

is (is 

<Uf» 

Total nitrogen 

8.1S 
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i, "ii 

0 >)2 

2140 

Amino nitrogen 

3.07 

2 41 

2 n«i 

2 47 

9.55 

Per cent of total nitrogen 

37.50 

54 U' 

j* '■ • 

> 7o 

44 GO 

Glucosamino 
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7 2" 
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4 63 

Ash 

2.44 

2 *u 

4 i' , 
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3 05 

Phosphorus 

1,00 

1 22 

1 no 

1 00 

0,83 

Acid equivalent N/100 NnOII 

403.00 

‘!7(| OH 

4..' OH 

170 00 

057 00 

fol before hydrolysis 
* B after hydrolysis 

+S.02 

«;o 

•2 "1 

+ 7 05 

-29.30 1 

+15 27 

+ 12 0.{ 

^ 1 1 70 

♦14 11 

♦33 70 f 

♦Hydrolyzed with 4N HCK 

Flocculation Tests op 

Tabik III 

Carbomydr \te Fr \rTi-*-N 

With Tumi: Antisela 

CARBOHYDRATE 

ANTISERA 10-1 

10-2 

pn.rriuv >>v 
10- 

AS 1 H»t S’ 

\0-i 

10-5 


IC-1 

IC’2 

Normal scrum 

CB-1 

OB-2 

Nor mal serum 


CB antigen 


ANTIGENIC REACTIONS 

So little of the carbohydrate was left after the chemical investigation was 
finished that amounts used and numbers of animals employed were limited. 
Two rabbits were inoculated with each of the polysaccharides once a week. 
The initial dose was 1 mg.; in each of ttic nest four weeks they received 2 mg., 
and after a rest of one week each received 3 mg. This made 10 mg. of carbo- 
hydrate that each auimal received. The rabbits were bled the seventh week, 

Flocculation tests were again used to determine the results of the immu- 
nization. Tenfold dilutions of each of the polysaccharide preparations were 
made and the antiserum held constant at a 1 :5 dilution. The two components 
"'ere used in 0.5 e.c. amounts. The tests were incubated in the cold room over- 
night and at room temperature for a few hours the next day. The results 
appear in Table III. 

One month after immunization the animals were bled and tested again. 
These results were more promising and appear in Table IV. 

There were available sonic antisera prepared by injection of 3-hour cul- 
tures of whole organisms of other strains of pathogenic staphylococci including 
the two strains investigated here. These strains were designated IC, CB, X, 
and V. Flocculation tests were set up with the diluted polysaccharide anti- 
gens from IC and CB strains and antiserum to all four strains of whole organism. 
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Table IV 


Flocculation Tests of Carbohydrate Fractions With Their Antisera* 


CARBOHYDRATE 


DILUTION OF ANTIGEN 



ANTISERA 

10-» 10-2 


10-3 10-4 


10-3 

IC-l 



IC antigen 



-f 4- 




_ 

IC-2 

+ + 


+ + 



Normal serum 

— _ 








CB antigen 



CB-1 

+ + 


+ + 



CB-2 

+ + 


+ 



Normal serum 

- - 


- - 


- 

♦These antisera were 

taken 30 days after 

last 

immunization of animals. 




Table V 




Flocculation Tests or 

Carbohydrate Fractions With Various Antisera Prepared by 


Use of Whole Organisms as Antigen 



carbohydrate 


DILUTION OF ANTIGEN 



ANTISERA 

10-i 10-2 

10-3 10-4 10-5 

10-5 

10-7 




IC antigen 



IC 

+ + 

+ 

+ + 

+ 

- 

CB 

+ + 

+ 

+ + 

+ 

~ 

X 

+ + 

+ 

+ + 

+ 

- 
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•f 

+ + 

+ 

- 

Normal serum 

_ _ 

_ 


_ 

- 

IC 



CB antigen 



+ + 

+ 

+ + 

+ 

— 

CB 

+ + 

+ 

+ + 

+ 

- 

X 

+ + 

+ 

+ + 

+ 

- 

Y 

+ + 

+ 

+ + 

+ 

- 

Normal serum 

- - 

- 

- - 


- 

C 

Table VI 




Flocculation Tests of Supernatant or Cultures With Antiserum to 



Carbohydrate Fractions 



CARBOHYDRATE 


DILUTION OF SUPERNATANT 



antisera 

10-i 


10-2 10-3 


10-1 




IC supernatant 



IC-l 

+ 


+ + 


- 

IC-2 

+ 


+ + 



Normal serum 

— 


_ - 


“ 




CB supernatant 



CB-1 

+ 


+ • — 


- 

CB-2 

+ 


+ ~ 


- 

Normal serum 

- 


- 

. 

- 


These antisera had been preserved in sealed ampoules for more than six months 
at time of use. The outcome of these tests is found in Table V. 

Next the supernatant of the cultures used for producing the polysaccharide 
was tested against the antiserum to the polysaccharide. Dilutions of the super- 
natant of 24-hour cultures of IC and CB in dextrose meat infusion broth were 
diluted from 10' 1 to 10' 5 and the antisera were used without dilution. Equal 
volumes of the components were employed and the same incubation procedures 
utilized previously were followed. These findings are recorded in Table \ ■ 

DISCUSSION 

Based on the analysis of whole bacteria, there appeared to be no demon- 
strable difference between the two strains of staphylococci. 
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' i he method of preparation of flic polysacehni ide does not appear to pro- 
duce a protein-free product. A slight biuret test, however, does not indicate 
a large amount of protein. The rather high nit logon content may indicate 
contamination ot the product by protein. On the other hand, the amino nitro- 
gen accounts for approximately 40 per cent of the total nitrogen which would 
suggest nitrogen-containing material other than protein. The amino sugar 
present could account for only a small proportion of the total amino nitrogen 
unless it was altered in the process of preparation or hydiolvsis 

The values obtained for reducing sugar after hvdiolysis and for ferment- 
able and nonfermentable sugars are in close agreement with those reported by 
Julia nelle and AVieghard* for a pathogenic strain of staphylococcus. The pres- 
ence. of a largo proportion of nonfermentable redummi sugar suggested the 
possibility of a pentose, but the above authors reported a negative qualitative 
test for this substance. Every preparation of the carbohydrate in this investi- 
gation gave strongly positive pentose tests. As little a> 0.03 mg. gave a posi- 
tive Rial’s test. The values obtained in the quantitative estimation of pentoses 
accounted for slightly more than the nonfermentable sugar of the polysac- 
charide. It is not improbable that the ammo sugar may he present as an 
amino pentose. 

The polysaccharides were characterized by a low dextrorotation after 
hydrolysis. The material that was precipitated by 15 volumes of acetone had 
a higher rotation with little change on hydrolysis. This material gave abnor- 
mally high total and amino nitrogen values and in every ease gave a value for 
pentose although it exhibited no reducing sugSr after hydrolysis with 0.5N HC1. 
A\ hen hydrolyzed with 4X IIC1 this preparation yielded a small quantity of 
reducing sugar which was mainly nonfermentable. 

Experiments on the antigenic capacity of the carbohydrate preparations 
were of necessity limited because of the small amount of the polysaccharide 
available. It was possible to show that a relationship existed between the 
polysaccharide antigen and antisera developed against the whole organism. 
Four different antisera to the whole organism of the pathogenic group reacted 
■"hh each of the carbohydrate preparations to at least a dilution of 1:1,000,000 
of the antigen. The reaction might have been even more delicate if the anti- 
sera had been fresh. 

The reaction between the polysaccharide antigen and its antiserum pro- 
duced in rabbits indicated that the carbohydrate was antigenic to some degree. 

flocculation test set up immediately after the completion of immunization 
showed that the antigen could be diluted at least to 1 :1,000 and give a visible 
leaction with the antiserum. The antigen has nitrogen in its complex but, as 
discussed previously, it is not determined in what form it occurs, whether as 
a contaminating protein or as amino groups in the sugar molecule. "When the 
sera from the immunized animals were again tested after thirty days, they 
f emonstrated an increased antibody content; dilutions of 1:10,000 gave floc- 
culation. 

It was interesting to find that cultures of these pathogenic staphylococci 
*a\e off to the medium sufficient of the antigenic substance to react with the 
caibohydrato antiserum. This reaction could possibly lie used in diagnostic 
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procedures to distinguish between pathogenic and nonpathogenic strains. 
Julianelle and Wiegliard 3 have already shown that there is an antigenic differ- 
ence between the two divisions. . . 


SUMMARY 

1. A polysaccharide, containing some nitrogen, lias been obtained from 
pathogenic strains of staphylococci by use of fonnamide as an extractive. 

2. This polysaccharide yields a pentose on hydrolysis. The osazone crys- 
tals of this pentose have not been identified. 

3. The polysaccharide is antigenic and reacts in flocculation tests with its 
own antiserum, and with antisera against whole organisms. 

4. The culture medium in which these strains of pathogenic staphylococci 
were grown contained enough polysaccharide to give a flocculation test with 
the antisera produced with the pure polysaccharide. 

5. There were no demonstrable differences between the two strains of 
staphylococci used. 

The authors wish to thank Dr. W. M. Hale, chairman of the Department of Bac- 
teriology, University of Iowa, for facilities, media, and counsel in the accomplishment of a 
part of this study in that department. 
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SERIAL BIOPSY STUDIES OF THE EFFECTS OF ESTROGENS 

ON THE LIVER 


Chemical and Morphologic Responses to Diethylstilbestrol and 

Estradiol 


Harold K. Roberts, M.D., Elson B. Hklwig, M.D., Robert Elman, M.D., 
and Cyril M. MacBryde, M.D., St. Louis, Mo. 


S INCE the introduction of the synthetic estrogen, diethylstilbestrol, a num- 
ber of reports on the estrogenic potency and the toxicology of this substance 
have appeared. In some of the investigations the properties of the synthetic 
estrogen were compared with the properties of the estrogens derived from 
natural sources. It is apparent from these studies that the quality of estrogenic 
activity of diethylstilbestrol is comparable to that of the natural estrogens. Fur- 
thermore, it has been shown in animals that these two different types of estro- 
genic substances are capable of producing similar possibly toxic changes in 
various organs and tissues . 1 Because an appreciable number of women receiv- 
ing the synthetic estrogen diethylsilbestrol have experienced nausea and vom- 
iting, and since in a few cases it has been suspected of causing jaundice, at- 
tention has been focused on the liver. No definite evidence has been produced 
by studies of hepatic function in man to show that diethylstilbestrol damages 
the liter. The results obtained following the administration of diethylstilbestrol 
to animals permit divergent conclusions in regard to the effect on the liver . 2 ' 6 
The hepatic changes have been variously interpreted as fatty degeneration and 
hydropic degeneration, fatty degeneration and toxic necrosis, hepatitis, and 
glycogen deposition. Some of the papers include reports of parallel studies 
with estrogens derived from natural sources, with similar results. 

In considering the toxicity both of diethylstilbestrol and of the natural 
estrogens, it must be recognized that the dosage per unit of body weight em- 
ployed in many of the experiments on animals exceeded the therapeutic range 
used in man. Furthermore, there are apparent differences in species suscepti- 
bility to these substances. An alteration of the bone marrow and the formed 
elements of the peripheral blood is easily produced by the administration to dogs 
of large doses either of diethylstilbestrol or of the natural estrogens . 1 ’ 7 Similar 
changes are much more difficult to produce in the rat* and have not been ob- 
served in the monkey. 9 - lft Therefore it seems possible that estrogenic substances 
might influence the histologic picture and the metabolism of the liver of different 
species of animals in different manners. In a previous study 5 two of us gave 
large doses of natural and synthetic estrogens to dogs. Hepatic changes were 
caused by both estrogens, consisting of mild fatty degeneration and hydropic 
degeneration. There was considerable variation in the amount of glycogen 

* ^ om the Departments of Medicine, Pathology and Surgery. Washington University 
School of Medicine. St. Louis, Missouri. 
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present in different livers as determined by Best’® carmine stain. No conebt 
lion could be established between the degree of fatty degeneration and hvdropF 
degeneration and the amount of glycogen present. Teague,® however, has shown 
that the amount of glycogen in the livers of rats increases following the ad- 
ministration of estrogenic substances. To determine more accurately the nature 
of the changes observed in the livers of dogs following the administration of 
estrogens, we have done chemical and histological studies on samples of liver 
obtained both before and after the administration of diet hybrid best ml and of 
estradiol.* 

MATERIAL AND METHODS 


The studies reported were performed on eight healthy, mature dogs, 5 fe- 
males and 3 males, weighing from 6 to 19 kilograms. Four of the animals, 3 
females and 1 male, were used as controls The dogs were given a diet of Purina 
Dog Chow. Complete counts of the formed elements of the peripheral blood 
were made two or three times a week. 

At the termination of the eoutrol period each animal was weighed (lasting), 
and blood was drawn from the external jugular vein for determinations of the 
hematocrit, total protein, albumin, and globulin. Bad) animal was then anes- 
thetized by intravenous sodium pentobarbital (0 5 mg per kilogram of body 
weight). After ligation of the end of an accessible lobe of the liver a small 
specimen was quickly excised. One part of the specimen was used for quanti- 
tative determinations of glycogen, fat and total nitrogen and another part was 
used for histologic studies. Small samples of tissue were fixed in absolute alco- 
hol and examined for glycogen by Best’s carmine stain, and in solution of 
formaldehyde U,S.P. diluted 1:10 and examined for fat by the scarlet red 
stain. In addition comparable samples of tissue were fixed in a solution of 
Zenker's acetic acid and stained with cosin and methylene blue (nvethylthionine 
chloride U.S.P.), 

The animals were divided into four groups of two each according to the type 
of intramuscular injections given. A dose of 1 66 mg. of estradiol dipropionate 
was considered to be approximately equivalent cstrogenically to 5 milligrams of 
diethylstilbestrol dipropionatc. 

Group I — One male and one female dog, numbers 1 and 2, were given 
daily injections of 5 mg. of diethylstilbestrol dipropionate in 1 c.e. of olive oil. 
On the seventeenth dav of the injections, a count of the blood disclosed a mod- 
erate thrombocytopenia. On the following morning biopsy specimens of the 
liver were obtained, and immediately thereafter complete autopsies were per- 
formed. 


Group II— Dogs 3 and 4, male and female respectively, served as the con- 
trol animals for the Group I clogs. Each dog received 1 c.e. of sterile olive oil 
for 17 days, then biopsy specimens of the liver were obtained, followed by com- 
plete autopsies. 

Group III— One male and one female do", numbers 5 and 6, were Riven 
daily injections of 1.66 tor. of alpha estradiol dipropionatc in 3 e.e. of sesame 


• The akllulatlllH-slrol S thf Sldf 
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oil. By the sixteenth day a marked thrombocytopenia had occurred. On the 
following morning the second biopsy of each liver was performed. After the 
biopsy an autopsy was done. 

Group IV — Dogs 7 and 8, both females, were injected daily with 1 c.c. of 
sterile sesame oil for 16 days, and served as control animals for Group III. 

Determinations of the percentage of glycogen in the liver were done by 
the method of Good, Kramer, and Somogyi. 11 A modification of Bloor’s method 
described by Elman and Heifetz 12 was used for the determinations of fat. The 
wet liver sample was weighed, and the total nitrogen was measured by the 
method of Sobel, Yuska and Cohen. 13 Hematocrit determinations and measure- 
ment of serum albumin and globulin were obtained before and after each period 
of medication. 

RESULTS 

1. Chemical Changes. — In the table the results of the chemical analyses of 
the specimens of liver removed from the eight dogs prior to and after the ad- 
ministration either of the estrogenic substances or of the oily vehicles are pre- 
sented. 

2. Hematocrits and Blood Proteins. — The hematocrit and blood protein 
values obtained before and after the administration of the estrogens revealed 
no significant alterations. 

3. Anatomical Changes. — The alterations in the gross appearance of the 
livers of the animals receiving the estrogenic substances were not striking. No 
distinction in the gross appearance of the livers could be made on the basis of 
the type of estrogenic substance administered. The site of the previous operation 
in each liver did not appear unusual. 

For the microscopic examination each specimen of liver was divided into 
three contiguous samples. One was stained with eosin and methylene blue, an- 
other with Best’s carmine and the third with scarlet red. By this method the 
amount and distribution of histologically demonstrable fat and glycogen were 
compared with the histologic picture in each specimen. In addition, compari- 
sons of the histologic content and distribution of fat and glycogen and the his- 
tologic appearance were made among the different specimens. 


LIVER BIOPSY SPECIMENS DURING CONTROL PERIOD 

The microscopic appearance of the control specimens of liver removed sur- 
gically in the premedication periods was essentially normal. ’ The eosin and 
methylene blue stain revealed a definite vesicular appearance in some of the 
hepatic cells. In most instances the hepatic cells of the central zone were less 
vesicular than those of the middle and in particular those of the peripheral 
zone. A comparison of the sections stained with eosin and methylene blue with 
sections from the same specimen stained with Best’s carmine showed deposits 
of glycogen in the cells with a vesicular cytoplasm. Of the control specimens, 
■the liver of Dog 1 appeared to contain the most and the liver of Dog 3 the least 
amount of glycogen. No sharp distinction could be made concerning the rela- 
tive amount of glycogen present in the other six normal specimens of liver. The 
vesicular character of the cytoplasm of the hepatic cells as noted in the sections 
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stained with eosin and methylene blue was not entirely due to the deposition of 
glycogen, since the tissue stained with scarlet red showed a minimal number of 
fine fat droplets in the cytoplasm of the hepatic cells. The droplets of fat 
tended to lie larger and moi'e numerous in the regions of the portal canals and 
the central veins. The control specimen of liver of Dog 1 and of Dog 3 ap- 
peared to contain the most fat. The other six control specimens contained a 
minimal amount of histologically demonstrable fat. 

The microscopic appearance of the control specimen of liver removed sur- 
gically in the premedication period of each dog was compared with the micro- 
scopic appearance of the liver following the period of medication. 

LIVER BIOPSY SPECIMENS AFTER DIETHVLSTILBESTROL 

The two dogs in Group I received 5 mg. of diethvlstilbestrol dipropionatc 
daily for seventeen days. After the injections the liver of Dog 1 showed a slight 
increase in stainable glycogen and a moderate decrease in stainable fat. The 
decrease in fat was chiefly due to a decrease in the number of the larger fat 
droplets. There were rare vacuoles in the hepatic cells which failed to stain 
either as fat or glycogen. In the periportal spaces there was a slight increase in 
the number of mononuclear cells. After the diethvlstilbestrol injections the 
liver of Dog 2 exhibited an appreciable increase in the content of stainable 
glycogen in practically all of the hepatic cells. There appeared to be a minimal 
increase in the amount of stainable fat in most of the parenchymal cells. 

The two dogs in the control Group II received 1 c.c. of olive oil daily for 
seventeen days. After the administration of olive oil to Dog 3 the liver showed 
an appreciable increase in the amount of stainable glycogen and fat. In neither 
instance was the liver otherwise unusual. 


LIVER BIOPSY SPECIMENS AFTER ESTRADIOL 


The two dogs in Group III received 1.66 mg. of alpha estradiol dipropionate 
daily for sixteen days. The liver of Dog 5 exhibited a slight decrease in the 
stainable glycogen content after the estrogen injections. This decrease oc- 
curred in the middle and peripheral zones where glycogen w r as noted in the 
normal control specimen. The central zones were not appreciably involved 
cither before or after the medication. The amount, of stainable fat was scanty 
and no change could he discerned. Rarely vacuoles were noted which failed 
to stain either as glycogen or fat. After the administration of the estrogenic 
substance to Dog 6 the liver showed a minimal increase in the amount of stain- 
able glycogen; however, the glycogen was confined chiefly to the cells of the 
peripheral and central zones. There was no alteration in the content of stam- 


able fat. 

The two dogs in control Group IY received injections of 1 e.e. of sesame 
oil daily for sixteen days. After the administration of sesame oil to Dog 7 the 
liver showed a moderate increase in the amount of stainable glycogen distributed 
rather uniformly throughout all zones of the hepatic lobules. No change was 
observed in the amount of stainable fat. After the sesame oil injections the 
liver of Dog S showed a definite increase in stainable glycogen. The glycogen 
was equally distributed throughout each lobule except for a somewhat smal ei 
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amount immediately adjacent to the central veins. So change was noted in the 
content of stain able fat. 

discussion* 

Tliesc observations reveal no consistent effect of estradiol or of <licth\}- 
stilhestrol upon the livers of dogs. No correlation was established between ad- 
ministration of the estrogenic substances and chemical and histoelwmiiM! changes 
in the liver. 

A comparison of the values of hepatic glycogen obtained by chemical anal.s- 
ws before and after the administration of diethyistilhestrol dipiopmnate re- 
vealed a variable result. Following the injections there was a rise in the hepatic 
glycogen in one instance and a drop in another. Following the administration 
of alpha estradiol dipropionate there was a drop in the amount of hepatic glyco- 
gen in both examples; however, in one the drop was not appreciable The 
hepatic glycogen in the control dogs before and alter the administration either 
of sesame oil or of olive oil likewise showed a variation It appears that the 
amount of glycogen in the liver may either increase or decrease following the 
administration of the estrogenic substances or of the oils alone 

A comparison of the values of the hepatic fat before and after the admin- 
istration of the estrogenic substances showed inconsistent results One of the 
two dogs receiving diethyistilhestrol showed a decrease in the amount of hepatic 
fat. The amount of fat in the liver of the other dog was unaltered Tin* two 
dogs injected with alpha estradiol dipropionate exhibited a rise in the hepatic 
fat in one instance and no change in the other The four control dogs receiving 
either olive oil or sesame oil showed a variable but usually slight drop in the 
amount of hepatic fat. Thus, the administration ot the estrogenic substances 
did not produce consistent changes in the amount of hepatic fat. 

The total nitrogen content of the livers before and after the administration 
of either of t he estrogenic substances or of the oils showed no appreciable change. 

Investigators have reported evidence of hepatic damage in animals re- 
ceiving large doses of estrogenic substances. In a previous paper two of us* 
described the occurrence of mild fatty degeneration and hydropic degeneration 
hi the livers of dogs given equivalent doses of “natural” and synthetic estrogens, 
Furthermore, these livers contained a variable but usually scanty amount of 
glycogen as determined by Best's carmine stain. These observations Were in 
disagreement with those of Teague/* who studied the effect of diethyistilhestrol 
mid of estradiol on the livers of rats. He concluded that the vacuolization of 
the hepatic, cells was due to an accumulation of glycogen and not to fatty de- 
generation. Recently Elman and Heifetz’ 2 demonstrated extensive vacuoliza- 
tion of th e parenchyma! cells of the liver in dogs maintained upon a protein 
deficient diet. Chemical analyses and stained sections of the livers showed the 
vacuolization not to be due to the accumulation of fat or of glycogen. In the 
present study, in order to determine the nature of the microscopic changes in 
the liver, concomitant chemical and histoehcmical analyses were done. The re- 
sults of the chemical analyses showed little change in the value of the total 
hepatic nitrogen, after the administration of the estrogenic substances. A histo- 
togie comparison rarely showed a vacuole in the hepatic cells which failed to 
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stain either for fat or for glycogen. On the basis of the work reported by Elman 
and Heifetz it does not seem probable that the hepatic vacuoles in the present 
study were due to a deficiency of protein. In the previous study 2 of the effect of 
estrogens upon the liver, vacuoles were encountered which did not stain either 
with scarlet red or with Best’s carmine. However, the dogs received larger 
amounts of estrogenic substance over a longer period of time than did the dogs 
in the present investigation, and death was often preceded by a period of 
cachexia. 

In the present study there was no exact correlation between the quanti- 
tative chemical content of glycogen in the liver and the amount as determined 
by histochemieal estimation. The lowest value of hepatic glycogen determined 
by chemical analysis occurred in a liver which also appeared to have the least 
glycogen by histochemieal estimation. It was rarely possible to estimate cor- 
rectly the amount of glycogen in the liver by histochemieal means in that group 
of livers which contained the most glycogen. This conclusion is essentially in 
agreement with the observations of Graffiin, Marble, and Smith. 14 These authors 
made histologic estimations of the content of glycogen in the livers of guinea 
pigs and compared the result with the chemically determined glycogen content 
of each liver. They concluded that histologic estimation of the hepatic glyco- 
gen was at best only approximate. In the pi’esent study there was some varia- 
tion in the occurrence of the glycogen in different areas of the same sample of 
tissue. This fact may in part explain the unreliability of the histologic estima- 
tions of hepatic glycogen. 

A comparison of the histologic estimation of the hepatic fat with the 
amount present as determined by quantitative analysis shows only approx- 
imate correlation. Those specimens of liver in which fat appeared more 
abundant by histologic estimation generally showed larger amounts by quanti- 
tative analysis. When the amount of fat was low, as determined chemically, the 
histologic estimation frequently showed little correlation with the results of 
the chemical analysis. 

Janes and Nelson 13 and Griffiths, Marks and Young 12 have demonstrated 
by chemical analysis an increase of the hepatic glycogen following the admin- 
istration of estrogenic substances to rats. This result is in accord with Teague'S 
observation of an histologic increase of hepatic glycogen in the rat following 
estrogenic medication. The results of these workers are at variance with ob- 
servations in the present study on dogs. It is known that estrogens may pro- 
duce certain blood changes in one species of animal, but little or no correspond- 
ing effects in other species. It is possible that the metabolism of the liver is also 
affected differently in various species of animals following the administration 
of estrogenic substances. The results of this study indicate that in dogs neither 
hepatic glycogen nor hepatic fat are consistently altered by the amounts of 
estrogens and the durations of administration used in these experiments. 

SUMMARY AND CONCLUSIONS 

1. Hepatic glycogen, fat and nitrogen as determined by chemical analysis 
of biopsy specimens showed no significant alteration following the administration 
to dogs of diethylstilbestrol dipropionate or of alpha estradiol dipropionate. 
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2. The histologic estimation o£ tlio amount o£ hepatic glvcoccn and hepatic 
fat eould be only approximately correlated with the chemical analyses, 

3. Morphologic changes such as hydropic or fatty degeneration of the liver, 
which we have previously found in dogs receiving large doses of synthetic or 
natural estrogens, were not observed in this study. This may be explained bv 
the absence of the profound blood changes previously induced. 

The authors express appreciation to Mrs. Harriot Wolf I)am a»i3 to Miv KHah'Ht 
Houghton for valuable technical assistance. 
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EFFECTS OF ETHER ANESTHESIA UPON TOTAL ERYTHROCYTE 
AND WHITE CELL COUNTS OF ADULT FEMALE RATS 


Roger C. Crafts, Ph.D., Boston, Mass. 


T HE use of anesthesia in hematologic investigation has long been discouraged. 

Hemodilution, hemoeoncentration, and contraction of the spleen have been 
described in texts of anesthesiology and pharmacology with the use of anes- 
thesias of various types. Several recent papers have described a hemoconcen- 
tration in dogs with the use of ether anesthesia. 1 ' 3 Barbour, 6 however, found no 
hemoeoncentration with ether in two rabbits, and Conley 1 and Jarcho 8 reported 
no hemoeoncentration with ether anesthesia in eats. Creskoff, Fitz-Hugh, and 
Farris 9 reported that light ether anesthesia could be used in the rat without 
significantly altering the total erythrocyte count, though these authors do not 
quote any evidence for this statement. From the above data it seems that all 
species do not respond to ether anesthesia in a similar manner as far as plasma 
volume and the contraction of the spleen are concerned. 

The present work on the effects of ether anesthesia upon the number of 
formed elements found in the blood of adult female rats was undertaken because 
(1) no detailed study has been reported on the effect of ether anesthesia on the 
total erythrocyte or white cell counts of the rat, and (2) since this animal is 
being used for the study of possible effects of endocrines upon the formed ele- 
ments of the blood, it would be convenient to use a light ether anesthesia in ob- 
taining blood samples. 

METHODS 

Adult female rats of the Long-Evans strain were employed for this study. 
They were 3 to 4 months of age and weighed 100 to 150 grams. 

Blood was obtained by heart puncture, 0.1 c.c. of blood being removed for 
each sample. The blood was placed in a small vial containing a minute amount 
of powdered heparin to prevent clotting. Total erythrocyte and white cell 
counts were made with standard pipettes and an improved Levi-Ilausser count- 
ing chamber. The same individual made all the counts. 

RESULTS 

In the first part of this study', 21 adult female rats were studied in an at- 
tempt to determine if light ether anesthesia for short periods of time alters the 
total erythrocyte or white blood cell counts (Table I). Each rat was lightly 
anesthetized and blood obtained by heart puncture. Less than two minutes 
elapsed between the time the rat was removed from the ether jar and the blood 
was obtained, the average time usually being one minute. This procedure, 
using ether anesthesia, was repeated three times at 10-day intervals. on 
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erythrocyte and total white blood cell counts were done on the 63 samples of 
blood. The average total erythrocyte count was S.3S million cells per cubic 
millimeter, with a mean deviation* of 0.46 million cells. The total white count 
was 7,92 thousand cells per cubic millimeter, with a mean deviation of 1.75 
thousand cells. These figures compare favorably with a previous study of 62 
imancsthctizcd adult female rats of this same strain 10 in which the total erythro- 
cyte count was 8.26 (±0.68) million cells per cubic millimeter and the total white 
count was 8.88 *(±2.S7) thousand cells per cubic millimeter. 

Three more blood samples were then taken at 10-day intervals from each of 
these same 21 adult female rats using no anesthesia whatever, the same rats 
being used to eliminate individual differences. The average of the total erythro- 
cyte counts of these 63 samples of blood was 8 39 million cells per cubic milli- 
meter, with a mean deviation of 0.59 million cells; the white cell count 6.67 
thousand cells per cubie millimeter, with a mean deviation of 1.65 thousand 
cells. 


Table I 

Effect of Light Ether Anesthesia on Total Erythrocyte and White Cell Counts of 
Adllt Femaie Rats 



LIGHT ETHER ANESTHESIA 

NO ANESTHESIA 

Jibe in millions 

8.38 t 0.4(>* 

8.39 ± 0.59 

Wbc in thousands 

7.92 ± 1 75 

(5.(57 ± 1.(53 


•Mean deviation. 


These data indicate that the total erythrocyte count of the rat is not sig- 
nificantly altered by a short period of ether anesthesia. The total white cell 
count showed a rise from 6.67 thousand cells with no anesthesia to 7.92 thousand 
cells with anesthesia. This difference is not a significant one. The total white 
coll counts are quite variable under the best of conditions. Both of these aver- 
age figures are within the normal range for total white cell counts in this strain 
of rats. The above data are summarized in Table I. 

As all previous studies by other workers on the effects of ether anesthesia 
on the plasma volume and the contraction of the spleen utilized the ether for 
prolonged periods of time rather than one to two minutes, it was thought that 
a study of the effects of a longer period of ether anesthesia on the rat would be 
of interest. Accordingly, in the second part of this work, 10 adult female rats 
were anesthetized with ether and 0.1 c.c. of blood removed by heart puncture 
at 2, 6, 10, 20, 30, and 60-minute intervals after the rat was removed from the 
ether jar. Total erythrocyte and white cell counts were done on each sample of 
blood (Table II). 

The average erythrocyte count for the 2-minulc interval was S.37 million 
cells per cubic millimeter. This agrees with the figures of 8.38 and 8.39 million 
cells obtained in the first part of this work. The total erythrocyte averages of 
8.33, 8.20, S.02, 7.96, and 7.84 million cells for the 6, 10, 20, 30, and 60-minute 
intervals respectively show a gradual decrease in the total number of erythro- 
cytes p er cubic millimeter. This decrease has been tested with various tests of 

• « /id* 

As obtained by the formula: B = -V .. v 
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Table II 


Effect of Prolonged Ether Anesthesia on Total Erythrocyte and White Cell Counts 

of Adult Female Eats 



PERIOD OP 

ETHER ANESTHESIA 

IK MINUTES 


2 

6 

10 

20 

30 

60 

Bbc in millions 

8.37 

8.33 

8.20 

S.02 

7.96 

7.84 


+0.51* 

+0.83 

±0.55 

±0.57 

±0.70 

+0.67 

Wbc in thousands 

6.45 

7.32 

6.41 

6.42 

6.64 

6.94 


±1.60 

+2.11 

±1.45 

±2.05 

±1.30 

±2.40 


•Mean deviation. 


significance. It is not a significant change. The figure 7.84 million cells per 
cubic millimeter is within the standard deviation and any significant change 
should be at least twice the standard deviation. In addition, the above change 
is not biologically significant as many normal adult female rats show a count 
of 7.80 million cells per cubic millimeter. The total while count showed no 
significant change. 

These data indicate that prolonged use of ether anesthesia, at least for sixty 
minutes, does not materially alter the total erythrocyte or total white cell counts 
in adult female rats (Table II). 

As the time factor seemed to produce no pronounced effects, it was of interest 
to determine if the depth of anesthesia was the important factor. Fourteen adult 
female rats were very lightly anesthetized for fifteen minutes. Blood samples 
were then taken by heart puncture. After a 10-dav interval the same rats were 
deeply anesthetized for the same length of time, fifteen minutes. Blood samples 
were again obtained by heart puncture and total erythrocyte counts made on 
each sample (Table III). 

The total erythrocyte values of 7.84 million cells per cubic millimeter 
for the lightly anesthetized group, and 8.11 million cells for the deeply an- 
esthetized group are botli normal values. These data indicate that neither light 
nor deep ether anesthesia alters the total erythrocyte count of adult female rats. 

Table III 

Effects of Light and Deei- Ether Anesthf.sia on Total Erythrocyte Count of 

Adult Female Eats 

LIGHT ETHER ANESTHESIA DEEr ETHER ANESTHESIA 

FOR 15 MINUTES FOR 15 MINUTES 

Bbc in millions 7.84 ± 0.S0* S.ll ± 0.64 

•Mean deviation. 

DISCUSSION 

Ether anesthesia does not produce changes in the blood concentration in 
all animals. Although a liemoconcentration follows ether anesthesia in the 
dog, the rabbit and cat do not demonstrate any such change in blood concentra- 
tion with the same anesthesia. The rat appears to belong in the group whli 
the rabbit and the cat. The Long-Evans rats used in this study showed no sig- 
nificant change in the total erythrocyte or white cell counts when under the in- 
fluence of ether anesthesia. Light anesthesia, deep anesthesia, anesthesia for 
short periods of time, and anesthesia for long periods of lime produced no sig- 
nificant changes. 
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The source of this blood, the heart, should be emphasized. Whether periph- 
eral blood would show any diffei’ent results is problematical. 

These data would seem to indicate that a light ether anesthesia for a 1- to 
2-minute interval will in no way alter the number of formed elements in the 
blood of Long-Evans adult female rats when the heart is used as a source of 
blood. If anesthesia is used, heart pimehircs can be done I'epcatcdly on rats 
with no signs of injury. The heart puncture following a short period of ether 
anesthesia will be utilized as a method of obtaining blood from rats in subse- 
quent work in this laboratory. 


SUMMARY 

This work was an attempt to determine if ether anesthesia would alter the 
number of the formed dements in the blood of mature rals Adult female rats 
of the Long-Evans strain were anesthetized for a 1- to 2-mmutc period, for a 60- 
minutc period, anesthetized lightly, and anesthetized deeply. There was no 
significant change in either the total erythrocyte or the total white cell counts. 
Blood was obtained from the heart. 
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A VASOSPASTIC FACTOR IN THE SERUM OF A CASE OF 
RAYNAUD’S DISEASE WITH COLD AGGLUTINATION. 
EXPERIMENTS ON RABBITS 


T. II. C. Benians, F.R.C.S. (Eng.),* London, England 


T HE case (Mrs. R.)t with which these experiments are concerned has already 
been published on account of the association of “Cold autohemagglutination 
with Raynaud’s Disease” (Benians and Feasby, 1941). The relation of this 
condition to hemoglobinuria e frigore, in which Raynaud’s syndrome is fre- 
quent, was pointed out and it was suggested that the vascular spasm might be 
allergic, i.e., an antigen-antibody stimulus leading to a vascular spasm, in this 
case a reversible process governed by the temperature of the blood. There are 
numerous substances which injected intravenously cause anaphylactoid death 
in the rabbit, and among these are evto-toxic sera which are rich in heterophile 
antibodies. The serum of Mrs. R. contains agglutinins and lysins which act on 
rabbit’s blood cells both in the cold and at body heat. The action of the anti- 
bodies on the rabbit blood cells is apparently not in itself the cause of the rapid 
anaphylactoid death which is due to spasm of the pulmonary arteries. It 
might, of course, be the ease that this serum contains a toxic body which causes 
an arterial spasm having no relation to antigen-antibody reactions, but a 
mechanism of allergic type seems inherently probable. A few experiments in 
prophylactic treatment based on the idea of immunity reactions have been 
carried out and are recorded later. 

Series 1 . — Effects of “normal” serum. Rabbits are regarded as being ex- 
ceptionally sensitive to intravenous injections of protein, so that some direct 
comparison is useful. Animals of various sizes as available were injected 
intravenously in a single injection with various amounts of “normal” human 
serum. Of these fourteen animals one died an anaphylactoid death, a second 
died a few hours after injection and probably as a result of it. Two were defi- 
nitely shocked in the sense that they lay down and passed urine and feces hut 
recovered after about fifteen minutes. The other ten suffered no obvious ill 
effect although three of them received 4 c.c. or more. Some of these sera taken 
at random from the laboratory bench evidently contained a toxic factor, the 
six rabbits, however, which were injected with serum from healthy “donors 
showed no reaction at all, and this is in striking contrast with the fatal effects 
obtained with much smaller doses of the serum (Mrs. R.). 

With the limited number of rabbits available one cannot be said to have fixed 
a minimal lethal dose but from Table II, and controls to individual experiments 

•Pathologist to The North Middlesex County Hospital and The Prince of Wales’s General 
Hospital, London. England. 

fUnder the care ot Dr. R. Kempthorne, North Middlesex County Hospital. 

Received tor publication. Feb. 10. 1944. 
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given later, it appears probable that 1 c.c. of the fresh serum has a fatal effect 
on rabbits up to about 1.5 to 2 Kg. in weight. 

In the experiments to be described later where a control test was carried 
out concurrently it is bracketed until its partner. 

It is to be noted that although the warmed serum in equal or larger amount 
than the unwarmed has lost its lethal effect, except in one instance, it can still 
produce a considerable degree of shock. In the state here described as shock 
the animal lies down and passes urine and often feces, the ears are pale and 
cold, breathing is rapid, and the animal is limp to handle. There is no evidence 
of pain or paralysis. If put on its legs it will move off slowly but naturally 
to another part of the room. Recovery is gradual, usually in about half to 
one hour. 

Table IV 


A Few Tentative Experiments Showing the Effect of Treating the Fresh Serum 

(Mrs. B.) in Various Ways 


WEIGHT OF ANIMAL 

DOSE OF SERUM INTRA- 
VENOUSLY 

EFFECT 

(1) Heated to 56° C. for SO minutes 

1.5 Kg. 

2.3 Kg. 

1.5 Kg. 

2.0 c.c. 

3.0 c.c. 

1.5 c.c. 

Shocked but recovered 

Slight shock only 

No effect 

(2) Extracted by shaking with powdered activated charcoal, stood SO minutes at laboratory 
temperature. Centrifuged clear 

' 

[0.9 Kg. 

1.6 Kg. (control) 

1.5 Kg. 

2.3 Kg. 

2.5 Kg. 

2.0 c.c. extracted 

1.0 c.c. untreated 

2.0 c.c. extracted 

3.0 c.c. extracted 

3.0 c.c. extracted 

Nil 

Death in 5 minutes 

Nil 

Nil 

Nil 

(3) Extraction with washed packed human Group 0 corpuscles in equal bulk, shaken and 
kept at 4° C. 90 minutes then centrifuged clear in a cold bucket (marked hemolysis ) 


2 Kg. 1 

3.0 c.c. | 

Nil 

(4) Globulins salted out from 5 c.c. dialysed and redissolved in 5 c.c. of saline 


2.5 Kg. i 

5.0 c.c. | 

Death in 2 minutes 

(5) Effect of storage in refrigerator 



n.7 K g . 

[1.7 Kg. (control) 

2.0 c.c. 5 weeks old 
sterile scrum 

1.0 c.c. fresh serum 

Moderate shock, recovery 

Death in 4 minutes 


The experiments so far show definitely that the serum (Mrs. R.) contains 
a highly toxic factor for rabbits ; the diminution of the lethal power of the serum 
when given warmed to 37° C. makes it almost certain that this factor is a 
“cold antibody.” 

Post-mortem examinations were carried out immediately after death on 
many of the cases and showed the general characters of anaphylactoid death m 
rabbits. No detailed study of the organs was made. Rapidly fatal cases usu- 
ally showed as follows. Left heart tightly contracted and almost empty. Rigid 
heart and systemic veins, especially those of the abdomen and portal system, 
heavily distended with dark blood. A little clear free fluid in the abdomen in 
•some cases. Pleurae clear. Lungs pale, limp and shrunken, only bleeding 
slightly at the cut surface. Stomach and intestine deeply congested. Kidneys 
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deep plum color on surface, on section tlie deeper cortical zone is relatively 
pale. Suprarenals show no abnormality. The blood shows some ly^sis, but ag- 
glutination was not a marked phenomenon. Coagulation of the blood in some 
fatal cases was delayed for upward of 1 y 2 hours in vitro, the clot was very 
fragile. 

Microscopic sections of a few organs as follows. Cardiac septiun an- 
teriorly — coronary vessels empty but not contracted. Lung near hilum — -tight 
contraction of the large arteries, most of which are nearly closed and empty, 
ruptures of the vessel walls arc seen and many arteries lie in a wide sheath of 
extruded blood limited by the distended adventitial coat The muscle fibers 
of the arteries in places show a very marked vucuolation with what appears 
to be complete destruction. Hemorrhage into alveoli was not noted to any con- 
siderable degree. There was some emphysema. Kidneys — the complex vascular 
mechanism has not been fully examined but in some cases marked contraction 
of the arcuate arteries is seen with severe vacuolation of muscle fibers of the 
media. This vacuolation is very much more marked than that seen in control 
rabbits killed by other methods, including a blow on the neck, coal gas, and 
chloroform, though it cannot he asserted that shock is entirely excluded in any 
°f these forms of death. The cause of death is beyond doubt pulmonary artery 
spasm with obstruction to the blood flow. 

PROTECTION AGAINST THE SERUM BY INJECTION OF LIPOID 

Bearing in mind the relation of lipoids to the cell membrane in respect of 
permeability, their power of adsorption, the role of lecithin as hapten of the 
Forssman antigen, and especially its ability to function in the "Wassermann 
reaction, it was decided to try its effect empirically as a protective agent. In 
the small number of experiments below it is shown to have had a protective 
effect in most instances. The suspensions of lecithin were made by floating a 
saturated alcoholic solution of ovolecithin on saline and gently rolling the tube 
to a uniform turbidity. Proportions of 10 per cent and 20 per cent of the aleo- 

Table V 


^WEIGHT OF ANIMAL 

2.3 Kg. 

2.7 Kg. 


L75 Kg. (con trol ) 

f6KgT 

1.6 Kg. 

h 6 Kg. ( control 

(control) 



1.0 Wg. (control"! 


LECITHIN EMULSION 

4.0 C.C. (10%) 

4.0 C.C. (20%) 

8.0 C.C. (20%) 

7.0 c.c. (20%) 



5.0 c.c. (20%) 


5.0 c.c. (10%) 

5.0 c.c. (10%) 

4.0 c.c. (20%) 
4.0 c.c. (20%) 


SERUM (MBS. R.) 


2.5 c.c. ( 10 -day-old 

serum 

2.5 c.c. freah serum 


1.0 c.c. fresh 1? 

1.0 c.c. fresh s 

1.0 c.c. fresh s 

1.0 c.c. fresh s 
0.5 c.c. fresh s 

1.0 c.<l fresh 1 
0.5 c.c. fresh s 

1.0 c.c: fresh s 


No harmful effect 
No harmful effect 
No harmful effect 
No harmful effect 
No harmful effect 

Shocked for % hr. partial 
recovery,’ died following 

night 

No effect 

Deat h 2 1 / 6 minutes 

Slight shock, recovery 
Slight shock, recovery 

Death 5 minutes 

Death 5 minutes 
Deat h C minutes 
Death 4 minutes 
Death 4 minutes 
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holic solution were used in experiments and the lecithin was injected intra- 
venously just before injection of the serum. 

The effect of lecithin itself was tested in a few preliminary experiments. 
The alcohol factor was not controlled. All injections were made at ordinary 
laboratory temperature. The lecithin used in most of the experiments was a 
pre-war jar of commercial ovolecithin (British drug houses) which had gone 
a deep brown color. A fresh pale preparation was used in a few of the experi- 
ments. Unfortunately the actual preparation used in any individual experi- 
ment was not recorded. 


DISCUSSION 

It may be that these experiments do not actually prove the point at issue 
which is that arterial spasm results directly from the action of “cold anti- 
bodies.” They raise, however, a number of speculations which can be linked 
together. 

The experiments relate to the serum of a patient which contains cold pan- 
hemagglutinins in high titer, and some lysins. This patient suffers from Ray- 
naud’s syndrome when cooled and, when really cold, exhibits a condition that 
may be called shock, with a feeling of constriction in the chest, shortness of 
breath, pale pinched facies, and blueness of the extremities. Her serum in- 
jected cold into rabbits causes lysis with a little agglutination of the blood and 
rapid death due to spasm of arteries. The spasm affects mainly the pulmonary 
arteries which may be ruptured, but is also seen in some of the renal arteries 
and in the vessels of the ears. The serum when given at body heat is seen to 
have lost much of its toxicity. 

It seems likely that this violent effect in the rabbit has its counterpart in a 
mild and reversible form in the patient and that both could be regarded as al- 
lergic phenomena. Admitting that the experimental animal and the clinical 
case are widely different entities they have, in the experiments described, the 
essential point in common, i.e., that each shows arterial spasm when a “cold 
panagglutinating antibody is circulating in the blood stream. 

Antigen or antibody introduced into the blood stream and finding a suit- 
able partner in the fixed tissues may unite with it and produce a reaction known 
as allergic or anaphylactic shock. Surface action, that is to say agglutination, 
precipitation, etc., is the obvious feature of antigen-antibody combination and 
the intense vaeuolation seen in the muscle fibers of the media of the rabbit s 
pulmonary arteries bears some comparison with the dramatic clot-like agglutina- 
tion which this serum causes in vitro when mixed with whole blood in the cold, 
and suggests an equally direct action on the muscle itself. It should be said that 
authorities, Topley and Wilson (1936) quoting various authors, regard the type 
of reaction shown in these injected rabbits as anaphylactoid and due to cyto- 
toxic bodies in the serum, and this would be a feasible alternative explanation. 
For present purposes it is not necessary to adopt any specific nomenclature, 
provided the effects of this serum can be interpreted in terms of surface action. 

There is some clinical support for a hypothesis that the action of auto- 
antibodies is related to vascular spasm. In a review of the hemoglobinurias 
Witts (1936) says “a feature that has not attracted the attention it deserves 
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Is the occurrence of vascular disturbances which may threaten the life and 
comfort of the patient almost as seriously as the anemia or the suppression of 
urine.” He also points out that shock is a prominent feature in intravascular 
hemolysis. Stats and Bullowa (1943) in an examination of all published cases 
of cold agglutination find twelve of them (roughly perhaps 30 per cent) show- 
ing functional vascular disease of the extremities'. Their own ease is one of only 
two in which the process has gone on to gangrene. 

However attractive an allergic hypothesis might seem to be it k clear 
that the mere presence of high titer cold agglutinins does not necessarily lead 
to vasospasm. This effect so far seems to he limited to a class of case in which 
intravascular lysis is also taking place. An exception is a case of acrocyanosis 
recently reported by Helwig and Freis (1943) following atypical primary pneu- 
monia; in this ease there was no hemolysis and the authors attribute the stasis 
to the agglutination of the red cells. Stats and Bullowa had already adopted 
the same explanation in their ease despite the fact that the obstruction was 
irreversible on warming. 

Autoantibodics certainly exist in the blood plasma or they may develop or 
increase as the result of disease or experimental processes, thus Ivarady (1939) 
has apparently produced allergic shock in guinea pigs by exposure to both 
heat and cold, and seeks to explain some human allergies on this basis. 

In the blood the iso-antibodies are always compatible with their accompany- 
ing cells, but in the “cold** antibodies we arc concerned with factors which 
apparently are always incompatible, given adverse physiological conditions. 
Agglutinins and lysing of this type are known and the action of both is well 
seen in hemoglobinuria e frigore. It has to be borne in mind that, as ordinarj* 
immune bodies, these two factors are closely related and up to a point may be 
identical. 

Cold hemagglutinins first demonstrated by Landsteiner (1903) are ap- 
parently a normal component of the plasma and at temperatures below 5° C. 
may be demonstrated in small amounts in most sera. When they are patho- 
logically increased they usually function at higher temperatures, up to 25° C., 
although their power falls off rapidly as the temperature rises. Rosenthal and 
Corten (1937) in a study of these bodies conclude that the high titer cold ag- 
glutinins are not derived from an increase of normal “cold” antibodies for two 
reasons (1) that they can function at a higher temperature, and (2) that the 
reaction is massive and sudden. The point cannot he argued here but it seems 
probable that these are features of the strength of the factor rather than of 
Its nature. It must be considered at present an open question whether the 
normal cold agglutinin is related to that which occurs during infections such 
as trypanosomiasis and atypical primary pneumonia, or whether cither is the 
same as that which occurs in cold hemoglobinuria or, on rare occasions, in the 
hemolytic anemias. 

Putting on one side the normal cold agglutinins it will be of interest to 
consider broadly and in two groups the bulk of the diseases in which a high 
titer serum is commonly found, because they appear at first sight to have no 
s °rt of connection with each other. The first group would include trypanosomi- 
asis and atypical primary pneumonia. The former is essentially a protozoal 
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infection of the blood stream and in many aspects its morbid anatomy is akin 
to syphilis. As well as cold agglutinins a pseudopositive Wassermann reaction 
occurs in this disease. The latter disease, though not yet well defined, is be- 
lieved to be due to a virus infection. In this condition Drew, et al. (1943) state 
that a positive Wassermann reaction is not uncommon. Cold agglutinins were 
demonstrated by Peterson (1943) and used as a diagnostic measure by Turner, 
et al. (1943) who have shown that these agglutinins show a rise and fall in 
the manner of other immune bodies. 

The second group includes cold hemoglobinuria, in which Baynaud’s syn- 
drome is a frequent and severe symptom and cold agglutinins and lysins are 
constant ; and secondly those eases of cold agglutination associated with hemo- 
lytic anemia or some other form of blood disease. In the first of these (cold 
hemoglobinuria) a positive Wassermann reaction is so frequently present as 
to lead to its being regarded as a syphilitic disease, which of course it may be, 
although a diagnosis of syphilis based only on the Wassermann reaction may be 
fallacious in such cases owing to the presence of high titer heterophilic anti- 
bodies in the serum. In the hemolytic anemia type of case a positive Wasser- 
mann reaction is also frequent. Apart from the cold agglutinins the Wasser- 
mann body thus forms a tenuous link binding these diverse diseases together. 

The Wassermann body is regarded as a product of autoimmunization to 
damaged tissues and, since syphilis is essentially a vascular disease, it is not a 
mere coincidence that the other factor functioning in the complement fixation 
test should be an extract of vascular-system tissue, i.e., heart muscle. It is to be 
noted that lecithin can also function in this reaction as an alternative to heart 
muscle. 

We have then some reason for regarding the high titer cold agglutinin 
as an immune body arising in many instances parallel with the Wassermann 
body and perhaps mainly as a reaction to blood vessel damage. In its turn it 
could, theoretically, affect the media of the arteries (for this is the tissue mainly 
damaged in syphilis) and so lead to spasm, although admittedly the Wassermann 
body does not in general react so itself. The easiest explanation of why its 
spastic action is mainly seen in the cold would be to presume that it was built 
up on an autochthonous prototype. Turner, et al., while taking many of the 
above-mentioned factors into consideration conclude that the cold agglutinin 
arising in atypical primary pneumonia may be either a direct antibody to the 
unknown infecting agent, or a response to damaged tissues perhaps of the 
respiratory tract. 

Seeing that cold agglutinins are a normal constituent of the blood plasma 
it might not be out of place to consider finally whether they have, or have not, 
a teleological value to the organism. Their function, if any, would lie in stop- 
ping the blood flow in an excessively cooled part at the periphery and so pre- 
venting further loss of heat in the blood still circulating. Vasomotor conti o 
through the nervous system is a relatively late arrival in the course of evolution 
and it may be that some controlling mechanism of humoral type preceded fl- 

The first response of superficial vessels to cold is a local one as h 6 " 1 ® 
(1941) has shown and the contraction affects vessels of all types, but no 011 1 
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the arterial types most, on account of their muscular element. It is in this 
mechanism of contraction that a physiologic factor in the cooled plasma might 
come into play. This, however, is a mere supposition, in any case it is prob- 
ably a truism (altering Osier’s dictum) that man is as cold as his arteries. 

SUlDLUtV 

A scrum containing high titer cold antibodies, ami derived from a ease 
of Raynaud’s disease, is shown to cause fatal pulmonary artery spasm in rab- 
bits when given, cold, intravenously. This effect is mitigated by giving the 
serum warm. It is suggested that these cold antibodies have a direct effect, 
probably of an allergic type, on arterial musculature both in the experimental 
animal and the clinical ease. It is further suggested that the frequent associa- 
tion of cold antibodies with a AVassermami-likc bml\ point to an origin of the 
former from diseased vascular structures and this again would help to explain 
their action on both blood cells and vessels. A possible function of cold anti- 
bodies in normal vascular control is mentioned, these may or may not be the 
basis or protoype of the high titer cold antibodies Pielimtnary experiments in 
protection against the cold antibodies by the intravenous injection of lipoids 
have been carried out with some success. 
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THE COLD-SUSCEPTIBLE GLOBULIN FRACTION OF 
PATHOLOGIC SERA 


E. Wertheimer, M.D., and L. Stein, M.D., Jerusalem, Palestine 


I N AN earlier paper it was shown that sera of dogs and human beings infected 
with kala-azar contain a protein fraction closely related to, but even more 
labile than, euglobulin. 3 An outstanding characteristic of this pathologic frac- 
tion is its deposition as a floceulcnt precipitate in the cold and its tendency to 
revert to a dissolved state when the temperature is suitably raised (37° C.). 
It was designated the Cold Fraction (C.F.) and defined as that protein portion 
of serum which precipitates when the serum stands for twenty-four hours at 
from 7 to 11° C. The present investigation deals further with the significance 
of the C.F. 

methods 

Findings reported in our earlier paper formed the basis of the present. 
It was found necessary in many eases to determine the amount of the C.F. after 
three days rather than after twenty-four hours of standing in the refrigerator, 
since precipitation in the shorter interval was often incomplete. A slight serum 
turbidity is often observed in pathologic eases. It has not been connected di- 
agnostically with any particular condition. Successive grades of abundance 
¥ of C.F. in serum were designated as follows: 1, turbidity marked hut no precipi- 
tate ; 2, light precipitate ; 3, floceulcnt precipitate ; 4, marked precipitate easily 
estimable by quantitative methods ; 5, precipitate of a different nature present 
as a layer on the surface. 

Essential features of the reversion of precipitation have been described in 
an earlier paper. Chemical methods were as described in our earlier paper. 

Dilution fraction (D.F.) designates that fraction of globulin which is par- 
ticularly sensitive to absence of electrolytes and which precipitates five min- 
utes after dilution of 1 part serum with 30 parts of distilled water. 

RESULTS 

C.F. in Human Beings Infected With Kala-Azar . — Five patients with kala- 
azar were examined. Two had mild infections and could he tested on one oc- 
casion only. In both of these C.F. grade 3 was recorded. The results obtained 
in the three other patients with kala-azar will be reported in detail because they 
are in certain respects peculiar (Table I). 

Case S. represents an infection with kala-azar derived from Turkestan. 
The disease at examination was less than of five weeks’ duration. The condition 
was relatively mild and readily amenable to treatment. It is noteworthy i 
although the formol-gel reaction was found negative, the D.F. only a trace, < 

" From the Laboratory of Pathological Physiology, the Hebron- University. 
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eughbuhn increased but slightly, the C.F. was highly abundant. It disap- 
peared rapidly together with the recession of the total globulin under treatment 
W hether, as this suggests, presence of C.F. is of diagnostic value in early stages 
o kala-azar can be decided only on the basis of more extensive data. Case's, 
sliows clearly that C.P. is not identical with the protein conditioning the fornol- 
gel reaction nor with that which is precipitated by distilled water (D F ) The 
property of cold precipitability seems to be not an acquired property of known 
protein fractions but the characteristic of a specific pathologic fraction. 

Patient P., in contrast to Patient S., had a marked increase in blood globu- 
lin extending to the different fractions included in this tern. The increase was 
marked even^ after the patient had achieved complete clinical recovery. An 
analysis carried out five months after recovery revealed a return of the total 
globulin content to practically normal and a negative formol-gel reaction but 
positive D.P. and C.P. tests. 


Patient 6. showed a similar trend. He had a clinical recovery; the serum 
protein value was at normal level; the formol-gel reaction, negative; the D.F., 
nil or traces; the euglobulin, normal of slightly increased. Nevertheless a C.F. 
was still clearly demonstrable six months after clinical recovery, although, of 
course, it was smaller after this time than during the heyday of the disease. 

The clinical improvement is characterized by rise of albumin, fall of globu- 
lin and, particularly, euglobulin, and decrease of the pathologic fractions. The 
C.F. in particular may persist long after clinical recovery is considered to be 
complete. The question thus arises whether a patient whose serum is found to 
contain easily demonstrable pathologic protein fractions can be nevertheless re- 
garded as completely cured. It is conceivable that the blood characteristics of 
such a patient are due to a condition of hyperstimulation of the retieulo-endo- 
thelial system. 

Of thirteen cases of Leishmania- cutis (Jericho rose) which came under ex- 
amination, onl) r 1 chronic ease gave a positive C.F. test; it was graded 2. 

C.F. in Bogs Infected With Kcda-Azar. — Three further cases were exam- 
ined — a mild, a medium, and a severe. Table II shows the results of the blood 
examinations as obtained when the dogs first came under examination. 


Table II 


CASE 

TOTAL 

PROTEIN 

ALBU- 

MIN 

GLOBU- 

LIN" 

euglobu- 

7JX 

C.F* 

D.F. 

FORMOL-GEL 

i 

6.69 

2.41 

4.25 

0.69 

0.32% 

- 

+ after 1 mis. 

o 

10.00 

2.63 

7.43 

2.45 

0.37% 

0.68% 

+ after 14 min. 

3 

12.38 

2.00 

10.38 

5.47 

3-4 

1.1 % 

•f instantaneously 


Table III 




DIAGNOSIS 

TOTAL 

PRO- 

ttj : V 

ALBU- 

MIN 

globu- 

lin 

EUGLOBULIN 

C.F. 

D.F, 

FORMOL- 

GEL 

REMARKS 

Sepsis 

Materia (chronic) 

6.23 

7.56 

3.47 

3.67 

2.76 

3.89 

Slight increase 
Increase 

3-4 

0.26% 

+ 

V 

- 

Cholesterol, ICO 
mg. % 

Materia (chronic) 
Lepra 

6.23 

6.50 

3.34 

5.00 

2.91 

1.56 

Increase 

Normal 

4 

3-4 

0 

0 

0 

0 

- 
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The tabulated data corroborate that (except for the C.F. which is inde- 
pendent of all other fractions and seeming! 3' so also of other elements making 
up the clinical picture) the tested globuliu fractions parallel one another. 

Other than in kala-azar, C.F. has been found positive in a few other cases 
of chronic infections. Tabic III describes the oustanding instances. The data 
in Tabic III also confirm that the C.F. is independent of the other globulin 
fractions. 

Endocarditis Lenta 

The condition of endocarditis lenta was. selected for a special study since 
it seemed possible that C.F. in this condition might prove to he a character of 
diagnostic value. It should be emphasized in advance that the C.F. in cases of 
endocarditis lenta is meager as compared to the C.F. usually found in kala-azar 
and is only in exceptional circumstances accessible to quantitative estimation 
It should be noted further that the precipitation is relatively sluggish and gen- 
erally complete only after from three to four days At 37° C. the sediment 
can, in all eases, be brought again into solution. 

The impression is obtained that the C.F. increases if the disease becomes 
aggravated. Sulfanilamide in scrum can inhibit or prevent the appearance of 
the C.F. As a comparison reference, eighteen sera from cases of endocarditis 
rhciunatica were examined. Only one of them yielded a positive C.F. test, the 
precipitate obtained in this case being of a plastic irreversible type. In all tlu* 
examined sera correlation between C.F., D.F., cuglobulin, and formol-gel re- 
action was not in evidence. A summary of the findings is presented in Table I\' . 


Table IV 

E.vpocarditjs Lenta 


DATE 


TOTAL 

A LB IT- 

r.LOBV- 

EUOLOBU- 


IU\ 

FOKMOL-C.KL 



PROTEIN 

MIN 

LIN 





7/20 

H. 




1.5 

1 

0 

After 1 hr. + 

7/23 


5.9 

3.0 

2.9 

0.8 

1 

0 

After 24 hr. + 

D/ll 


7.95 

2.6 

5.0 

2.1 

3 

0 


D/38 

Fij. 



a 90 

0.57 

0 

+ 

After 4 hr. + 

10/10 


7.82 

3.10 

4.72 

1.(52 

3 

+ 

After hr. + 

2/10 

Lib. 

S.98 

3.11 

G.S7 

3.4 

2 

+ 


3/5 


7.50 


4.0 

1.3 

3-2 

Trace 

After 1 hr. + 

3/30 


6.8 



1.1 

3 



2/17 

Snf. 

9.1 

4.6 

4.5 

1.7 

3 

0 


2/39 


9.31 

5.0 

4.3 

1.2 

2 

0 

0 

4/20 

St. 

8.1(5 

3.3 

4.9 

Increase 

3 

+ 


4/27 


7.3S 



0.5 

3 

+ 


1/M 





Increase' 

1.8% 

+ 

Instantaneous + 

2/32 


8.55 



Increase 

2.5% 

+ 

Instantaneous + 

J7T" 

Lrs. 



' 

Normal 

3 

+ 

0 

V 8 

01. 

7.45“ 

3.44 

4.01 

Incrcaso 

3 

0 

0 

_ 0/21 





Increase 

3 

0 

0 


Although the amount of material examined so far is small, the possibility seems 
to be definitely indicated that presence of C.F. 'Can have diagnostic significance 
in endocarditis lenta. Conclusive decision on this point must await the accumu- 
iation of more extensive data. 
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COLD PRECIPITATES IN SPECIAL SERA FROM CASES OF OTHER DISEASES (TABLE V) 

In nephroses especially, serum samples frequently, although not a I wavs 
become turbid in the cold, and after some time deposit a precipitate in the form 
of a ring near the surface. This can he redissolved at 37° C. rapidlv and reap- 
pears if the serum is again cooled. Analysis of the fraction showed that it con- 
sisted largely of cholesterol and, in small part, of protein. The cholesterol level 
of the serum is not, however, determinant of the appearance of this cold frac- 
tion. In the so-called nephroses of pregnancy, positive C.F. tests have not been 
encountered. 

It is pertinent to note that C.F. tests similar to those of nephroses have been 
recorded in three eases of morbus Gaucher and in one ease of Nicmann-Pick 
disease. Finally it may be mentioned that cold fractions, generally of an ir- 
reversible type, are encountered in the final stage of chronic uremia, in severe 
cirrhotic alterations of the liver, and also in eases of acute liver atrophy. In- 
vestigations designed to elucidate the nature of these cold fractions have been 
put under way. In all cases of this category, euglobulin was normal; the D.F., 
negative; and the formol-gel reaction, 0. 


Table V 

Cold Fraction in Other Diseases 


PA- 

TIENT 

, DIAGNOSIS 

TOTAL AI.BU- 
TROTEIN MIN 

GLOBU- 

LIN 

C.F. 

UREA 

URIC CIIOLES- 
ACID TEROL 

Ko. 

Amyloid nephrosis; 
osteomyelitis 

5.7 S 

2.00 

3.12 

0 

oG 

- 

242 

Sp. 

1/18 

3/36 

5/4 

Chronic nephritis and 
nephrosis 

Chronic nephritis and 
nephrosis 

Chronic nephritis and 
nephrosis 

3.81 

4.46 

1.23 

2.55 

2.5S 

1.91 

5 

3 

5 

28 

52 

70 

3.0 

4.4 

628 

1,000 

955 

JR. 

Nephrosis; uremia 

4.84 

3.15 

1.69 

5 

105 

S.l 

356 

D. 

Nephrosis 7/22 

mmu 



3 

35 

- 

00 0 

B. 


4.57 

5.13 

1.44 

2.38 

3.33 

2.75 

5 

3 

32 

143 

- 

635 

386 

I,. 


4.95 


1.85 

i 

- 

- 

5 15 

F. 

M. Gaucher 

6.66 


2.49 

5 

- 

- 

121 

Z. 

M. Gaucher 

7.50 

5.32 

2.18 

3 

(Irreversible) 

~ 


90 

X. 

M. Gaucher 

- 

- 

- 

5 



325 

AY. 

M. Niemann-Pick 

6.54 

3.4S 


5 

- 

- 

239 

B. 

Chronic nephritis; 
uremia 

7.40 

3.60 

3.S0 

4 

( Irreversible) 

315 

10.0 

(Xantho* 
protein -ff)_ 

S. 

Hypertension; uremia 

7.23 

4.40 

2.83 

4 

(Irreversible) 

200 

6.S 

(Xantho- 
protcin ++) 

G. 

Chronic nephritis; 
uremia 




3 

(Irreversible) 

136 

6.3 

(Xantho- 
protein -n't) 

L. 

Cirrhosis, hepatic; 
hemochromatosis 

6.0 S 

3.17 

2.91 

3 

(Irreversible) 

21 

- 

2S5 


HYPERGLOBULINEMIA and PATHOLOGIC SERUM PROTEIN FRACTIONS in PROTEIN 
HUNGER AND BLOOD-LOSS (TABLE VI ) 

Numerous investigations have revealed that in chronic protein In ' n ° c *’ 
blood loss, or plasmapheresis, either separately or combined, serum giobu in 
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TABLE VI 


HATE 

TOTAL 

PROTON 

ALBU- 

MIN 

GLOBU- 

LIN 

IXGIOIL 

rux 

C.F. 

D.K. 

FORM OI,- 
OBL 

BLOOD 

WITH- 

DRAWN 

(U.C.> 

HEMAT- 

OCRIT 

(HB.) 

ERYTH- 

RO- 

CYTES 

MIL- 

LIONS 

Pan L. (SC k/t.) 

li/23 

141.0(1 

•J <;:• 


2.45 

0.37 

0.(»S 

+ 

- 

5S 

3.7 







{■[i nun.) 


27 


7/2G 

8.79 

3.73 

7.0S 

3. OS 


0.80 


- 

55 

4.08 




- 

(Norn* <le- 
ternu- 
mil ilc) 



y 300 

29 


8/4 

10.91 

3.73 

f) on 

4.09 

0.30 

1.13 

+ 

| ooo 

oS 








(13 «•<*«•.) ) 

28 

4.23 

vs 

9.50 

3.03 

S.51 

5.00 

3,13 

f) 00 

- 

I 7.-, 

43 

3.11 







| 

r 

20 


S/ li 

30.113 

1 ?t*> 

9.31 

5.8S 

2.50 

0.09 

Instantn- \ 

1 

50 

3 35 

S/1 ft 

10.00 

0.9+ 

9.12 

5.00 

0.73 

0.23 

MODUS 

[ 70 

24 

, 


Do# V. (SI kg.) 


5/24 

32.38 

2.0 

1U.8S 

5.47 

+ 

(None de- 
termi- 
nable) 

-f 

(None de- 
termi- 
nable) 
(3.1 5/27) 

lnstantn- ' 
neous 

- 220 

78 

30 

0.0 

d/12 

33.03 

1.08 

30.45 

4.03 

+ 

(None tie- 
termi- 
nable) 

2.37 

Instanta- 

neous 


05 

20 

5 1 

(5/211 

13.03 

3.03 

10.00 

5.88 

3.00 

1.00 

Instanta- 

neous 

340 

43 

21 

3.55 

7/0 

13.13 

3.75 

9.3 S 

5.00 

0.38 

3.3 S 

lnstanta 

neous 

590 

38 

20 

2.39 

7/33* ’ 10.25 

2.25 

8.00 

2.87 

3.43 

1.37 

Infanta- 1 

IK'OUS 

► 120 

34 

2.73 

7/13 

s>.,ts 

2 .03 

0.75 

2.00 

+ 

(None de- 
termi- 
nable) 

2.G3 

Im-tanta- < 
neous 



2.97 

7/17 

P.00 

3.1 G 

0.40 

0.50 

+ 

(None de- 
termi- 
nable) 

0.25 

Instanta- 

neous 

- 00 

1 

35 

29 

2.78 


*Me,jt did from 7/13, condition— -\ cry poor. 


arc sustained at the normal level although serum albumins are decreased . 1 It 
appealed pertinent in view of our findings in kala-azar to establish whether 
' !iC abnormally increased serum globulin fractions of this condition are affected 
•' Protein deficiency in the diet and by blood loss. 

Two dogs (kala-azar) with marked hyperglobulincmia were selected for the 
Purpose of these experiments and maintained on a protein-low diet.* At intervals 
°f from two to three days blood was let from the animals in varying quantities. 
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Dog L. m. the first stages of the experiment was rein fused with a suspension in 
saline of the removed erythrocytes (plasmapheresis). In a later stage rein- 
fusion was omitted and the protein deficiency condition thus further enhanced. 
Ihis treatment raises the need of hemoglobin neogenesis, which, according to 
R-obscheit-Robbins and associates,- takes precedence over formation of other 
serum proteins. In the experiment with Dog. L. it is particularly evident that, 
despite marked protein deficiency in the diet and serious loss of blood, the total 
globulin, euglobulin, and the pathologic C.P. and D.P. continue their upward 
trend. In Dog B. the globulin level again was maintained and the pathologic- 
fractions showed some increase. The experiments show that the greatly en- 
hanced levels of globulin and pathologic protein are maintained despite chronic 
protein hunger combined with severe blood loss (Table VI). 

It is clear that the production of this protein material is exclusively effecled 
at the expense of endogenous materials and is entirely independent of dietary 
protein supply and of the protein reserves. On feeding of protein (meat) after 
prolonged protein hunger and after numerous blood lettings, the globulin values 
and the pathologic protein fractions of Dog B. were not varied, whereas the 
albumin values showed an immediate increase. 

DISCUSSION 

The data available suggest that cold labile globulin (or globulins) forms 
a pathologic fraction independent from other globulins and not necessarily 
parallel in trend with the latter. The salient characteristic of this fraction is 
its marked lability, a circumstance which renders electrophoretic investigation 
difficult or impossible. C.P. occurs most uniformly and in greatest abundance in 
kala-azar. Its possible diagnostic value in this condition, provided present ex- 
perience is confirmed on a larger scale of material, has been indicated. The C.F. 
may also occur in other highly chronic infections, such as malaria and tuber- 
culosis. Particular interest attaches to its occurrence in endocarditis lenta. 

It has been suggested that in the latter condition the C.F., although not abun- 
dant, may prove to be of diagnostic value. The form of distribution of the C.F. 
suggests that in chronic infections, which evoke strong defensive reactions, tbe 
sustained stimulation of the globulin-forming apparatus leads not only to in- 
creased formation of euglobulin, but also to the release into the blood of a servm- 
incompatible, particularly labile, globulin fraction. A C.F. of a very different 
nature is encountered in nephroses. In these conditions the C.F. consists largely 
of cholesterol but is nevertheless independent of the general blood cholesterol 
level. In conditions of uremia and liver cirrhosis in the final stage, an ir- 
reversibly precipitable C.P. is frequently encountered. The nature of this C.P. 
is still completely unknown. The experiments with clogs infected with kala- 
azar show that "the enhanced production of globulin and the formation of 
pathologic globulin fractions in this condition is not dependent either on di- 
etary supply of protein or on the protein reserves of the organism. 

SUMMARY 

The cold-precipitable protein found in patients with kala-azar (human and 
dog) forms an independent pathologic fraction separate in behavior and iorm<- 
iion from other investigated globulins. 
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The C.F. can lie demonstrated in the serum long after the patients are clin- 
ically recovered. 

The manifold increase in the level of total globulin, ouglobulin, the C.F., 
and the other pathologic fractions of patients with kala-azar are maintained 
despite chronic protein hunger and extensive blood loss. The production of the 
increased protein fractions is therefore independent of the dietary protein sup- 
ply and of the body protein reserves. The presence of C.F. in cases of endo- 
carditis lenta lias been demonstrated and its possible diagnostic significance has 
been pointed out. 

In severe lipoid nephroses, final phase of chronic uremia, and in severe 
cirrhotic alterations of the liver, C.F. of a peculiar nature occurs in the serum. 

We nro indebted to Prof. S. Adler of tbe Parasitological Department and to Dr. 
Tschernonioritz for their hind and generous help. 
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G ENTIAN violet incorporated into media to produce selectivity of bacterial 
growth has been used for many purposes. Churchman 1 separated anthrax 
from a gram-negative rod and isolated each organism in pure culture by 
employing gentian violet and aeid-fnchsi n. Farley 2 ' 3 has used gentian violet 
as an acid in isolation of pathogenic molds. That gentian violet assists in iso- 
lation of the influenza bacillus was shown by Bernstein and Lowe. 4 This dye 
has also been used in bacterial counts of air, being employed in such studies by 
Thomas, 5 Thomas and Van den Elide, “ Bourdillon, Lidwell and Thomas. 7 False 
presumptive tests for B. coli in water and milk analyses occur less frequently if 
gentian violet is incorporated into lactose broth than when lactose broth is used 
without an inhibiting agent. This work was done by Hall and Ellefson, 8 - 0 who 
reported that the percentage of samples positive for B. coli was not lowered. 

Petroff’s medium for culture of the tubercle bacillus employs gentian violet 
in a concentration of 1 :10,000 to discourage growth of molds and other common 
contaminants. The fact that acid-fast organisms, although gram-positive, are 
highly resistant to gentian violet, was first noted by Churchman 30 and has been 
elucidated by the work of Steam and Steam 31 who found that tubercle bacilli 
decompose gentian violet. 

The dye, incorporated in blood agar plates, was used in a wound study 
reported by Francis, 32 who found in 300 swabs from burns and wounds inocu- 
lated in parallel on plain blood agar and gentian violet-blood agar that 32. i 
per cent were positive for beta hemolytic streptococci when the dye was present, 
whereas, only 22.7 per cent were positive otherwise. 

Gentian violet is known to be of definite aid in purifying anaerobes when 
their cultures are contaminated with B. subtilis, and has been used by Hall 13 
routinely as an aid in isolation of anaerobes. 34 No reports, however, have been 
made of the numbers and types of anaerobes isolated in a series of cultures 
where gentian violet medium was compared with a dye-free medium. 
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The present work concerns 206 duplicate platings of either s\val)s or pieces 
of debrided tissue from wounds and burns cultured directly, or from platings 
of meat tubes previously inoculated with siirli swabs or tissue. The duplicate 
platings were made on 5 per cent blood plates of Difeo’s beef heart infusion 
agar with and without gentian violet in a final concentration of 1:500,000. 
Aleut half of the platings were aerobic, the rest anaerobic. Identification of 

Table I 
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from a gram-negative rod and isolated each organism in pure culture by 
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presumptive tests for B. coli in water and milk analyses occur less frequently if 
gentian violet is incorporated into lactose broth than when lactose broth is used 
without an inhibiting agent. This work was done by Hall and Ellefson, 8, 9 who 
reported that the percentage of samples positive for B. coli was not lowered. 

Petroff’s medium for culture of the tubercle bacillus employs gentian violet 
in a concentration of 1 :10,000 to discourage growth of molds and other common 
contaminants. The fact that acid-fast organisms, although gram-positive, are 
highly resistant to gentian violet, was first noted by Churchman 10 and has been 
elucidated by the work of Steam and Steam 11 who found that tubercle bacilli 
decompose gentian violet. 

The dye, incorporated in blood agar plates, was used in a wound study 
reported by Francis, 12 who found in 300 swabs from burns and wounds inocu- 
lated in parallel on plain blood agar and gentian violet-blood agar that 32. i 
per cent were positive for beta hemolytic streptococci when the dye was present, 
whereas, only 22.7 per cent were positive otherwise. 

Gentian violet is known to be of definite aid in purifying anaerobes when 
their cultures arc contaminated with B. subtilis, and has been used by Hall 
routinely as an aid in isolation of anaerobes. 14 No reports, however, have been 
made of the numbers and types of anaerobes isolated in a series of cnltuics 
where gentian violet medium was compared until a dye-free medium. 
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Clostridia was done at the central laboratory of the Office of Scientific Research 
and Development wound-study project under the direction of Ivan 0. Hall. 

Table I shows that the total number of species isolated is greatly augmented 
by the duplicate culture on a gentian violet plate. On the whole, the results 
are in accord with the early studies of Churchman 10 on species susceptibility 
to the dye and the more recent work of Garrod 15 on the same subject. B mbtilis 
was effectively inhibited; in the instances where it did occur on the gentian violet 
plates, its growth was sufficiently retarded to aid in isolating neighboring colo- 
nies. 

In a study of the type here conducted, gentian violet agar could not be used 
as the only medium, since we were interested in isolation of the staphylococcus, 
which, next to B. subtffis, was the organism most consistently inhibited. In 
fact, appearance of organisms on gentian violet agar, when they were absent 
on plain blood agar, can largely be attributed to inhibition of the vigorously 
growing B. subtilis and the anaerobic sporcformers, and inhibition of staphylo- 
cocci and diphtheroids, all organisms which may prevent growth of streptococci 
and other slowly growing bacteria. In the ease of anaerobic cultures, gentian 
violet served the additional useful role of preventing the spreading of the motile 
clostridia, which also tend to monopolize the surface of an agar plate. 

Gentian violet proved of more aid in isolation of Cl. welchii than the figures 
here would indicate. Early in the study it was found to be so useful that when- 
ever stormy fermentation occurred in iron-milk, also used routinely for every 
specimen, the milk was plated only on a gentian violet-blood agar plate. 

Since Cl. tetani was not isolated in this series, we cannot here answer the 
question of whether gentian violet would render more difficult the primary iso- 
lation of this organism. On the whole no indication was found that any one 
species of Clostridium could not be readily isolated on gentian violet medium. 

The large number of anaerobic staphylococci isolated are of interest for 
several reasons. They obviously were not affected by the concentration of dye 
used and their relatively high total incidence may be attributed to the fact that 
they grow out only after four to seven days, a time when the plain plates were 
often overgrown. Bergey’s Manual of Determinative Bacteriology , 1939, lists 
only three species of anaerobic staphylococci and the majority of strains here 
isolated did not fit the description of any of the three. 

Although complete plates were used as the duplicates in this study, similar 
results might have been obtained with the use of gentian violet spread ovci 
half the surface of a blood agar plate, as recommended by Fleming. 10 

SUMMARY 

Blood agar plates containing gentian violet used in duplicate with blood 
agar plates without dye, permitted the isolation of many aerobes and anaeiohcs 
which would have been missed had the inhibiting medium not been emplojei- 
Such results appear to be due to the inhibition by gentian violet of the rapid.' 
growing staphylococci and aerobic sporeformers, and to tlie fact that clostn ><i 
give less spreading overgrowth with this medium. 




POLYCHROME NO. 28 


A SIMPLIFIED POLYCHROME STAIN 
FOR USE IN THE CLINICAL LABORATORY 


Charles F. Elvers 


I N 1943 a preliminary report was published on a single process polychrome 
stain 1 designed primarily for use in staining spermatozoa and material en- 
countered in specimens of prostate secretion. Later the stain was used routinely 
in the laboratories of the James Buchanan Bradj r Urological Institute of the 
Johns Hopkins Hospital to determine the presence or absence of bacteria, cells, 
mucin, lecithin, etc., and to differentiate between other normal and pathological 
materials. A considerable amount of this stain was also supplied to other 
institutions and laboratories. The numerous requests for reprints of this 
article received during the past year indicate that there is a definite need for 
a single process differential stain of this type, and experimental work was 
continued by modification of the original formula with the idea of simplifying 
the stain and adapting it for general use in the clinical laboratory. 

In attempting to prepare a stain of this type, one must remember that 
while urine specimens are normally acid, prostatic secretion may show a hy- 
drogen ion concentration varying from pH 6.5 to pH 8.0 or higher, and that 
dyes generally employed to demonstrate the presence or absence of leucocytes, 
epithelium, mucus, and most bacteria, fail to effectively stain fats, lecithin, 
spermatozoa and other seminal vesical elements. The miscibility of any com- 
pound stain with such a variety of material is of first importance. 

The rate of acid formation in cytological material, as noted by Gcschickteiy 
is more rapid than is generally supposed, and without some corrective measure 
uniformity of staining is not possible. In the past the technique in general 
use required a treatment by a pre-staining bath, either a mordant or buffer 
solution to reduce the thymonucleic and para-amino acids present as a result 
of cell degeneration. While this is effective as a control of the pH, its use 
imposes an additional and time consuming operation in the routine examina- 
tion of clinical material, and except in research work is seldom carried out. 

The simple or basic stain consisting of an aqueous-alcoholic solution of 
methylene blue has long been employed as a short cut in routine work. Simple 
basic stains of this type stain the cellular nuclei and most bacteria, but fail to 
differentiate between other celhdar elements, and, therefore, have little value 
except to determine the number of bacteria present and their relation to the 
amounts of pus or exudate. 

Polychrome No. 28, like the previous stain (No. 27) possesses the funda- 
mental requirements of being a single process stain. It is rapid in action, 
produces minimal shrinkage of cells, requires no pre-staining baths, mordant, 

” ^ om the Laboratories of John Wyeth and Brother Division. Wyeth Incorporated. ri»h>- 
delphia. Pa. 
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buffer, or decolor ization and « ohnter stain. The technique for its use is simple 
and completed in one action 

Delicate reactions sue' »a those produced in the polychroming of Roman- 
owsky and similar stains ave been avoided, and in Polychrome No. 28 the' 
differential staining renc'i n is effected hv the use of a balanced formula of 
basic* dyes in a buffered olvent. The neutrophilic, oxyphilic and basophilic 
elements react with that portion of the dye for which each has the greatest 
affinity, and this selective and contrasting color combination readily permits 
the identification of histological structures. Thin, even smears arc essential 
for good staining and dear definition. Fresh material gives better results 
than that which has b* en allowed to dry for several hours, hut slides which 
have been kept in a dosed jar containing equal parts of 95 per cent ethyl 
alcohol, and of ether i 1 stain well even after several weeks. 

Freshly express* 'prostatic secretion tends to become viscous on exposure 
to air. This viscosi v precludes preparation of uniformly thin films, but if 
kept at oven temperature (56° to 58° C\) for ten to Fifteen minutes the mucin 
will break down and the material may then be evenly spread on the micro slide. 

The buffered solvent (stock) is made as follows: 


Disodium phosphate 29 6m. 

Citric acid, C.P. 9.5 Gm. 

Glycerin 40 ml. 

Ethyl alcohol, 95 per cent 150 ml. 


Distilled water q.s. to 1 liter. 

The pH of the above will be approximately 5.0, hut may ho measured 
potentiometrieally and, if required, may he adjusted by adding small amounts 
of acid or disodium phosphate. 

The stain is made by adding 

2 Gm. of tetra-methyl tluonin and 

0.2 Gm. of rosaniline hydrochloride to 

98 ml. of the pH 5.0 buffered solvent ; stirring until all dye is dis- 
solved*, allowing to stand for twenty-four hours, and filtering or straining 
through cotton. Stain samples made by this formula still give sharp color 
contrast and good definition after eighteen months. 

TECHNIQUE FOR USE 

1. Fix thin, even smear to slide by heat or other method as desired, and 
cool to room temperature. 

2. Cover smear with stain and allow to remain 30 to 60 seconds; slightly 
longer if deeper color is desired. 

3. Rinse gently in distilled water, air dry and examine. 

jVIucin, cell cytoplasm, etc., are stained pink, nuclear material is blue. 
Cells which have lost their biochemical reaction due to degenerative changes 
are indefinitely stained a faint purplish red, the nucleus being darker than the 
cytoplasm. The front half of the head of spermatozoon remains clear or is- 
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faintly stained, the back portion being dark blue, the spiral axillary thread 
and tail portion are red. Due to the fact that the tail structure , is stained 
throughout its entire length, it. .appears much longer than when stained by 
other methods. Lecithin and eornified epithelial cells are bright red, bacteria 
are deep blue to purple. 

Contrasting colors of the different elements are bright and well defined. 

REFERENCES 
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SELF-BUFFERING STAINING SOLUTIONS* 


With Special Reference to Wright’s Polychrome Methylene 
Blue-Rosin Stain 

Bernard Witlin, Sc.D.,t Honolulu, T. H. 


INTRODUCTION 

P OLYCHROME methylene blue-eosm stains have been widely used through* 
out the United States Varying results, however, have been obtained in dif- 
ferent laboratories employing the same staining solution. 1 

Ivalthoff,* French, 3 Haynes, 4 Smilin'’ Conn and Margolena, 5 and Kingsley 7 
suggested practical methods for obtaining uniform results with stains by the 
use of buffer solutions. MeJunkin* demonstrated that much of the trouble 
encountered with polychrome stains could be eliminated if a phosphate buffer 
solution (pH 6.4) was used instead of distilled water in the staining procedure. 

It was noted by the author that aqueous phosphate buffer solutions were 
subject to bacterial decomposition and that the addition of bacteriostatic sub- 
stances in sufficient quantities to inhibit a biologic breakdown of the buffer solu- 
tion, materially affected the efficiency of the Wright's staining solution. In an 
effort to offset the inconvenience of making buffer solutions at semimonthly 
intervals and effect an economy in reagents while maintaining staining efficiency, 
a study was made of the efficacy of buffering the methyl alcohol solution of 
Wright’s stain. 

, EXPERIMENTAL 


A. Methyl Alcohol Buffer . — Since Wright's stain is usually dissolved in 
methyl alcohol, it was decided to find methyl alcohol-soluble chemicals which 
were capable of buffering distilled water as commonly employed in the labora- 
tory. Such a buffer system was found in sodium acetate and acetic aeid.$ These 
chemicals were readily soluble in methyl alcohol and/or in distilled water. The 
principal premise was that there would be practically no ionization when 
^ right’s stain was dissolved in such a methyl alcohol-sodium acetate-acetic acidt 
solution. Ionization, however, would take place upon the dilution of the stain 
with distilled water and sufficient buffering quality would be released with the 
dissociation of the hydrogen ions in the aqueous solution. 

Various concentrations and formulas based upon molar solutions of these 
chemica ls were prepared which would give a pH of 6.4-6 .6 ( color imetrieally 


•This research was begun at the Philadelphia College of Pharmacy arid Science, 

Territory of Hawaii, Hoard of Health, Territory of Hawaii P. A. 
of S? <R>. U. s. Public Health Service, Bureau of States Service assigned to the Board 
Territory of Hawaii 

hcahi- o rK^ et i Ca li y * acetic anhydride was considered in place of the acetic acid, but prac- 
effect pure grade of glacial acetic acid possesses insufficient water to materially 

ect ionization in the Wright's stain sodium acetate-acetic acid solution. J 

Received for publication, July 7, 1944. 
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and potentiomctrically) when diluted with distilled water. The most statable 
preparation of methyl alcohol buffer AY right’s stain solvent was as follows: 

One hundred find twenty milligrams of tvaC.H/X- -ill.O (sodium acetate— Merck’s 
reagent) were dissolved in 100 e.c. of CH..OH (methyl alcohol, free from acetonc—Mcrck’s 
reagent). To this was added 0.4 e.e. of a solution made by dissolving 0.1 c.c. of glacial 
acetic acid (Baber’s C.P.) in 10 c.c. of methyl alcohol (Merck ’s reagent, free from acetone). 
The total amount of acetic acid in 100 c.c. of the sodium acetate-acetic, acid-methyl alcohol 
solution is 0.004 c.c. 

B. Staining Solution . — In every 60 c.c. of the methyl alcohol-sodium acetate- 
acetic acid solution, 0.1 Gm. of Wright’s stain was dissolved. After 24 hours 
the staining solution was filtered. The buffering effect of this staining solution 
kept the pH approximately 6.4 to 6.6 when an equal volume of distilled water 
was added after the undiluted methyl alcohol-staining solution had first fixed 
the blood film. 



G. Staining Technique . — Fifteen drops (about 0.35 c.c.) of Wright s stain 
were applied to the blood film and permitted to act for two minutes. Fifteen 
drops (about 0.75 e.c.) of distilled water were then added and three minutes 
were allowed for staining. The slide was rinsed in running water for 
seconds, drained, and dried. 

Comparison of Self-Buffered Wright's Stain With Nonbvffcrcd ’Wrights 
gtain . — In November, 1938, sixteen different samples of commercially prepare! 
Wright’s stain were dissolved in duplicate sets; one series was made in bu « c 



W1TLJN : SKl.K-nrrrnRlMi staining solutions 


1000 


methyl alcohol as discussed above (A and B), the other in methyl alcohol alone. 

Numerous peripheral blood smears from normal individuals* as well as 
from patients suffering from malaria* filnriasis, leprosy, leucemia, and perni- 
cious anemia were prepared. Series of these blood smears were stained at 
monthly intervals for five years with the above staining solutions, employing 
distilled water as the diluent for the buffered stains and phosphate buffer solu- 
tions as the diluent for the unbuffered stains. In all instances the self-buffered 
Wright’s stain solutions followed by the dilution with distilled water pro- 
duced results comparable to the nonlniflVml series. In not one instance has a 
buffered stain solution broken chemically or failed to stain properly. Final 
concentrations up 1o 300 mg. of sodium acetate and 0.01 c.e. of glacial acetic 
acid in 100 c.e. of methyl alcohol gave satisfactory results. An increase in 
the chemical concentrations, however, affected the erythrocytes from the eases 
of pernicious anemia. It was therefore deemed advisable to lower the chemical 
buffer concentration to a safe limit. This was 120 mg. of sodium acetate and 
0.004 c.c. glacial acetic acid per 100 ee of methyl alcohol. In all instances the 
self -buffered stain solutions have resulted m good color detail. The differentia- 
tion of the cytoplasm of leucocytes and monocytes has been excellent as lias 
been that of neutrophilic granules, eosinophilic granules, basophilic granules, 
blood platelets, and erythrocytes. 

D. Extinction Coefficient . — Extinction coefficients were determined in the 
laboratory of the Biological Stain Commission in cooperation with the commis- 
sion’s technician, All's, A. P. Bradshaw in order to make certain that the stain 
itself was not altered by the buffering technique. The graphic results of the 
findings are presented in Fig. 1. The “extinction coefficients" of the oosin and 
methylene blue were not materially altered by the addition of the buffers to 
the dye solution. The changes in hue wore so slight that no difference in staining 
due to this change would be expected. 

SUMMARY AND CONCLUSION 

A convenient and practical method for buffering methyl alcohol solutions 
<ff polychrome methylene blue-eosin stain is presented. The detailed method 
of preparation is described. 


REFERENCES 

1. Conn, II, j. ; personal communication, Oct. 17, 1940. 

'• jamfoir: Chem. Weekbltul 24: 78, 1027. 

trench, R, W.: Practical Methods for the Control of Hydrogen-Ion Concentration m 
4 rr Procedures — the Use of “Buffers,*’ Stain Tcehnol. 5: 87, 1930. 

*' ““tynes, Rnchcl: Investigation of TJnazin Dyes as Biological Stains. II. Influence of 
.. Offered Solutions on Staining Properties, Stain Techno!. 3: 131, 1928. 

Ralph Ji.i pi£ Determination in Alcoholic Solutions, J. Am. Pharm. A. 17: 241, 
. 1928. 

Conn, H. J., and Miugolena, Lubov A.* Notes on Technic — Difficulties Encountered in 
r v Plaining a Satisfactory Wright Stain, Stain Technol. 8; 35, 1933. 

'■ “ In p*y, D. M. : A New Hematological Stam, Stain Techno!. 10: 127, 1935. 

’’ ‘Glinkin, F. A.: A Bentidin- Polychrome Stam for Blood, J. A. M, A. 74: 17, 1920. 



A MECHANICAL DEVICE FOR MAKING MULTIPLE PARAFFIN RINGS 
FOR SLIDE PRECIPITATION TESTS FOR SYPHILIS 


John W. Neufeld, A.B., and Malcolm II. Merrill, M.D., Berkeley, Calif. 


I N A laboratory where a large number of slide precipitation tests for syphilis 
are run, the making of paraffin rings individually by hand is a tedious and 
time-consuming procedure. To eliminate these irksome factors the machine 
described here was devised. In the California State Public Health Laboratory, 
where this device was first put into operation, between four and five thousand 
Kline tests were done per day at the height of Selective Service activity. It 
requii’ed between five and six man-hours to make this many rings by hand, 
whereas with the machine that work can be completed in about 45 minutes. 

The machine is based on the printing-press principle, with the desired 
number of paraffin rings being “printed” onto a glass plate in one operation. 
The size of the plates and the number of rings on eacli plate can be suited to 
individual requirements. We have found a plate 5 x 12 inches, accommodating 
4 rows of 33 rings each, to be satisfactory. This provides for 50 tests together 
with positive and antigen controls. There is ample space for numbering. 

The ring maker can be made for the most part of wood. The only metal 
required is as follows : about. 4 feet of fiat iron % 0 x % inches, a metal rod 
inches in diameter by 16 inches long, and the metal paraffin pan. 

The machine is shown in Fig. 1. The electric hot-plate A should be 
thermostatically controlled, but we have found an ordinary plate such as the 
General Electric Hotpoint (Cat. #40104) with three heat controls to be sat- 
isfactory. Maintaining the paraffin at the proper temperature is very impor- 
tant. This should be between 105°-110° C., at which temperature the paraffin 
smokes slightly. This temperature is held fairly well with the switch at “low.” 

The pan for the paraffin P> can be made of 16 or 20 gauge galvanized sheet 
metal. The corner seams must be smooth to avoid leakage over the edge by 
capillary attraction. It is held in place by means of the spring clips C. T lie 
depth of the pan should be at least one inch and the length and width slightly 
greater than the corresponding dimensions of the printing head M. 

The post I) is made of % inch round iron, and is about 16 inches long. 
It is fastened into the base E at the point of intersection of two lines perpen- 
dicular to the long axis of, and drawn from the mid-points of, the paraffin pair 
B and the platform P. 

The swivel head F fits over the post I) and is held in place by the platform 
<? and the collar II. The stops I (there is one also on the opposite side, not 
visible) are driven into the platform G in the proper positions so as to allow 
the swivel motion through exactly 90°. 

From the Division of Laboratories. California State Department of Public Health. 
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TJio lover arms J anil K are fastened onto the swivel head F as shown. 
The distances X-Y and X'-Y' must of course 1>c identical and will be between 
7 and 9 inches depending on the size and shape of the glass plates used. The 
upper lever arm J, with the handle, should lie about twice as long as the lower 
arm K. The brackets L fasten to the lever arms and screw into the printing 
head M as shown. The spring *Sf must be quite strong to lift the heavy printing 
head. 




Fie. 2. — For explanation see text. 


The printing head M is % inch hard wood or 5-ply wood. It must not 
Jjave any warp. The other dimensions depend on the size of glass plate used. 


The individual ring blocks N 
below. 


are fastened to it; these are described in detail 


The platform ill on which the glass plate 0 rests should be the same size 
platform P. This makes it easy to place the plate in exactly the same 
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position each time. The height of the platform must approximate that of the 
top edge of the paraffin pan. 

The printing blocks N (enlarged in Fig. 2) arc made of hardwood (oak 
or maple is suitable) and must be turned out on a precision lathe. The blocks 
are V/ Si inches long by % inches square. An 1 Vic-inch hole is first drilled into 
the exact center of the block to a depth of about % inch. Then the outside 
is milled down to a diameter of % inches leaving a tubular end with % 2 -inch 
walls. This tubular part should not be more than y 2 to % inches long to avoid 
warping. The use of square-shaped blocks also helps to prevent warping. 
Screw holes are drilled through the center of the square end of the blocks and 
fastened to the printing head M with a snug but not tight fitting screw. A 
i/g-inch air hole A must be drilled through the wall as shown in Fig. 2. 

The greatest difficulty was encountered in getting all blocks to print evenly 
and in eliminating “misses.” This was “cured” by screwing all blocks tight, 
sanding the tubular edges on a large, even-surfaced mechanical sander, and then 
loosening the screws about half a turn to allow a little play for self-adjustment. 
The sandpaper used must be very fine to avoid tearing the thin walls! All 
burrs must be sanded off the tube edges as the final step. 

SUMMARY 

A mechanical device is described for making multiple paraffin rings used 
primarily in serological tests for syphilis such as those devised by Kline and 
Mazzini. 

A similar device has been used in the California State Department of 
Health Laboratory for over a year and has been found to save considerable 
time and to produce more uniform rings than are ordinarily made by hand. 

It is reasonably inexpensive, as it can be made largely of wood, but its 
construction requires some precision machinery and considerable mechanical 
skill. 



A SIMPLE ACID WATER SOLUTION FOR BETTER VISUALIZATION 
OF MALARIAL PARASITES USING WRIGHT’S STAIN 
FOR THICK BLOOD FILMS 


Margcrrith L. Git.il', BrLoxr, Miss. 


C ONSIDERABLE difficulty has been encountered in obtaining satisfactory 
differentiation of malarial parasites in thick blood films stained with 
Wright’s stain. Either distilled water or buffered solutions containing mono- 
basic potassium phosphate and dibasic sodium phosphate was used to dilute the 
stain and to wash it from the slide. The same technique, when applied to or- 
dinary blood films, gave excellent cellular detail Gicmsa stain gives good dif- 
ferentiation of plnsmodia in thick films, hut since it is loss commonly available 
than is Wright’s stain, any alterations in technique which would permit the use 
of Wright’s stain would have definite practical value. This note reports that 
good results may be obtained on thick blood films if: (1) the red blood cells 
arc hemolyzed in a fixing solution rather than in water, and (2) an acid water 
is used to dilute the Wright’s stain and to wash the slide. 

The variations in techniques were made on thick blood films known to con- 
tain malarial parasites. Dilute acids, alkalies, and buffo; cd solutions with a pH 
range of from two to ten were tried as diluents for the Wright's stain. An acid 
water, prepared by adding 0.06 c.c. (2 drops) 0.1 N IIOl to 100 e.c. of distilled 
water gave excellent results. Clearer detail and less distortion of plasmodia 
were obtained if the blood was hemolyzed in a fixing solution rather than in 
water. The fixing solution was made by adding 1 c.c. of glacial acetic acid to 
99 C.c. of 5 per cent formalin immediately prior to use. If the solution was kept 
in a covered staining jar, it was satisfactory for a large number of slides. 

The dried thick blood film was immersed in the fixing solution for 10 min- 
ifies and then washed in two changes of distilled water for 5 minutes each time. 
After the slide had thoroughly dried in air, the film was covered with Wright’s 
stain for 1 minute. An equal amount of acid water was then added and 10 
minutes were allowed for staining. The slide was washed with acid water, dried, 
and examined. 

With preparations treated in this manner, ring-form trophozoites show 
dearly against a dusky blue background. The cytoplasmic circle is a sky blue, 
Mhile the chromatin dot is definitely red and easily detected under the micro- 
scope. Developing forms, sehizonts, and garnet ocytes arc also distinct. 


Prom the Bacteriology Laboratory, U. S. Vetcians Administration, Biloxi, Miss. 
saT»ft t , P i ll,li8hed with the permission of the Medical Director, Veterans Administration, who as- 
no responsibility for the opinions expressed or the eon elusions drawn by the author. 
Received for publication June 19, 1944. 



CHEMICAL 


A MICRO-MINCER TO FACILITATE PREPARATION OF 
TISSUE EXTRACTS 


W. C. Alford, B.S., and E. D. Palmes, M.S., Bkthksda, Mi>. 


T HE accurate determination of various biologically important substances in 
animal tissue depends largely on the degree of comminution of the sample, 
since intimate contact between the tissue and the extracting liquid is essential. 
The mortar and pestle are used to grind small tissue samples, but this method is 
laborious and quantitative transfers are difficult. ‘Mechanical apparatuses have 
been proposed for this purpose hr Corper and Culm 1 and Potter and Elvehjem, 8 
but these are somewhat different in principle from the apparatus herein pro- 
posed. The Waring Blendor, which is more similar in principle, is not adapt- 
able to tissue samples of the size under consideration. The proposed micro- 
mincer is shown in Fig. 1. 

Description . — The motive power for the mincer is supplied by a Precision 
“Aero-Mix” air-driven motor. Under actual operating conditions the speed is 
from 5,500 to 6,000 r.p.m. The shaft and cutting blades are made of chromium- 
plated steel. As shown in Fig. 1, the blades have no pitch, but two opposing 
blades are bent at an angle of about 30 degrees from the plane normal to the 
shaft. The end of the shaft is drilled and tapped and the blade is held in place 
by means of a chromium-plated bolt. The four leading edges of the blades 
are sharpened. 

An ordinary round bottom 50 ml. centrifuge tube is used to hold the sam- 
ple and extracting liquid. During the mincing operation the tube is held in a 
woodeu block which fits snugly in the stand. 

Operation . — From Vm to 6 Gm. of tissue and 5 to 10 ml. of the extracting 
liquid are introduced into the 50 ml. tube. The tube is placed in the wooden 
holder and the holder raised to the stop. In this position the blade is approxi- 
mately 0.5 inches from the bottom of the tube, and the holes in the stand and 
holder coincide. The metal pin is inserted to anchor the holder. 

To avoid spattering, the mincing is begun with the motor running at slow 
speed. The speed is then increased to maximum and the mincing continued 
for from fifteen seconds to one minute. The motor is stopped, the pin removed, 
and the holder lowered so that the blade is clear of the mixture. The motor 
is now turned on full speed momentarily in order to throw any mixture adher- 
ing to the shaft and blade onto the side wall of the tube. The holder is lowered 
and the tube removed. When fibers are caught on the blade, it is very simple 

From the Industrial Hygiene Research Laboratory, National Institute of Health. V. S- 
■Public Health Sen-ice. 
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to remove tlieiti with n pair «>! urn-cps and plan* them in the tube with the 
minced tissue. 

The shaft and blade are washed by placing from 5 to 10 ml. of the extract- 
ing liquid in another centrifuge tube and using the same procedure as that used 
for mincing the tissue, except that the motor is brought to full speed imme- 
diately and run for only a few seconds The wash liquid is combined with 
the original mixture. 

The extract may now he separated from the tissue by centrifuging in the 
same tube. 



Fig. t. — JDcio-mincpr with extra blade. 


Vse . — In the course of an investigation of the vitamin C content of guinea 
organs undertaken m this laboratory, considerable time and labor were 
saved by using the apparatus described herein for preparing trichloroacetic 
acid extracts. The kinds o{ tissues and approximate amounts of eaeli used for 
these determinations were as follows : liver, 3,5 to 6.0 Gin. ; kidney, 3.0 to 4.5 
Gm.; spleen, 0,5 to 2.0 Gm,; adrenals, 01 to 0.3 Gm. Because of tiie small size 
of the adrenals, it was necessary to add a small amount of an inert material 
to the tissue so that the bulk of solids would lie sufficient to insure satisfactory 
mincing. Paraffin shavings were found to be suitable for this purpose. Be* 
s «'ts obtained using tills apparatus were in excellent agreement with those 
obtained when a mortar and pestle were used for grinding the tissues. 
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SUMMARY 

A new micro-mincer is proposed to facilitate the preparation of extracts 
of small animal tissues. It is simple 'to construct and operates efficiently. 

We wish to express our appreciation to Passed Assistant Surgeon Glen E. Ogden for 
determining the speed of the mincer. 
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CHOLINE DEFICIENCY STUDIES IN DOGS 


J. II, McKidbix, Ph.D., S. Thayer, B.A., and F. J. Stare, Ph.D., M.D, 
Boston, Mass. 


THE importance of choline in the nutrition of the dog was suggested by the 
*■ discovery of its lipotropic action on the liver of the depan oreatized dog by 
Best, Ferguson, and Hershey in 1933.' Study of its deficiency in normal dogs 
has awaited the use of purified rations. Thus, Schaefer, McKibbin, and Elveh- 
jem* demonstrated a lag in the early growth curve of yorihg puppies fed a 
purified ration without choline. The addition of choline to this ration resulted 
in resumption of growth. Folds’ fed young puppies and adult dogs on a diet 
high in fat and low in protein without added choline. With such a diet, he 
reported a fatty degeneration and cirrhosis of the liver. Hough, Monahan, 
hi, and Freeman 1 observed an impaired hepatic dye clearance and high serum 
Phosphatase values in dogs fed a diet low in protein and a diet low in methio- 
nine. This paper presents in detail some observations in the study of choline 
deficiency in young puppies. 


experimental 


Litters of weanling mongrel puppies were used throughout the experiments. 
Upon receipt of the puppies at the laboratory, they were dewormed with Buch- 
lorin and magnesium sulfate and placed on a diet of milk and Purina Dog Chow 
f °r a week or ten days’ observation before the experiments were started. All 
dogs received subcutaneously 1.5 c.e. per pound of Pitman-Moore antidistemper 
scrum each week. 


Preliminary studies have shown inconsistencies in the growth of young 
Puppies placed on the purified ration devised by Schaefer and co-workers. 3 
One litter of animals grew well except for a slight lag in the early part of the 
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Table I 


Rations Used for the Production of Ciioijne Deficiency 


RATION NUMBER 

■ i '1 

-'2 I 

■ 3 

4 

1 5 

Sucrose 

49.5 

47.5 

46.5 

47.5 

■V) 5 

Purified casein (SMA) 

G.O 

7.0 

7.0 

7.0 

ion 

Extracted peanut meal 

30.0 

30.0 

30.0 

30.0 


Extracted peanut flour 





in o 

Cottonseed oil 

7.0 

7.0 

7.0 

7 0 

7 0 

Cod-liver oil 

3.0 

2.0 

2.0 

2.0 

2.0 

Salts (Phillips and Hart) 

4.0 

4.0 

4.0 

4.0 

4.0 

IC.HPO, 

0.5 

' 0.5 

0.5 

0.5 

0.5 

Abbott ’s Liver Fraction “X” 


2.0 




Wilson ’s Liver Fraction “ L ” 



3.0 

2.0 

2.0 


MG. PER 

100 GM. 

HG. 1*ER KILO OK BODY WEIGHT PER DAY 


RATION 


GIVEN ORALLY 


Thiamine chloride 

0.2 

50 

100 

100 

100 

Pyridoxine hj'drochloride 

0.2 

50 

100 

100 

100 

Calcium pantothenate 

1.5 

150 

300 

300 

300 

Riboflavin 

0.4 

75 

150 

150 

150 

Nicotinic acid 

2.5 

350 

TOO 

700 

700 

growth curve. This suggested 

that the methionine 

of this 

ration 

might he 


making important contributions to the “methyl pool” of these animals and 
that it might be desirable to find a source of protein other than casein, one 
lower in methionine but yet adequate in amino acids. The composition of the 
basic experimental ration used by us is given in column 1 of Table I. It is’ a 
slight modification of the ration used by Engel and Salmon 5 in their studies 



on choline deficiency in rats and contains about two-thirds 
as peanut protein, which is low in methionine. We had 
perimental ration with good results in studies on choline 
and it seemed desirable to use such a ration in studies: ; 
meal or peanut flour used in these rations was <’.y. 
ether to remove choline and choline containing ph'o> 
consisted of one extraction with cold ether follow 
extractions with hot alcohol. .. V- 

For the first experiment a !■'. V x P ll l 
I). The growth of these puppi^ - " in 

(Dogs 1 and 2) served as eont \- 

of choline chloride in the rati* ece ’' 


of the total protein 
used this basic ex- 
deficiency in rats, 5 
v log. The peanut 
‘it ’'alcohol and • 
proceduw 

c reflr 


*«■ 

he 

1 i 

th 


it 
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and also served as a control. It can tie seen that this ration did not support 
growth in either the deficient or the control animals, although control Dog 2 
made good progress for the first three weeks, jit the end of the first week, 
oral doses of casein were given to Dogs 3 and 5 and di-methionine to Dog 1 
in an attempt to induce improvement in growth. However, there seemed to 
lie no benefits from these additions. Evidently factors other than protein in 
nature were still not adequately met by this ration, in further attempts to 
improve it the following supplements were given to the choline-fed control 
dogs for varying periods: additional choline chloride; a mixture of the vita- 
mins of the B-compicx containing thiamine, pyvidoxinc, riboflavin, calcium 
pantothenate, and nicotinic acid; brewers' yeast; and a liver extract, Abbott’s 
hirer Fraction “X." This liver extract fraction was the only supplement 
that produced any significant improvement. Response to this supplement was 
rapid and sustained for the duration of the experiment, as is shown in the 
growth curves of Dogs 2 and 6 in Fig. 1. 



With this experience another litter of five puppies (Experiment 2} was 
plaeed on Ration 2 (Table I). The growth curves of these puppies are shown 
m Fig. 2. It is apparent from the growth curves of Dogs 7 and 8, the control 
dogs receiving choline, that this ration would still not permit survival. The 
terminal findings for the animals in Experiments 1 and 2 will not be listed in 
detail since the deficiencies were complicated and have limited meaning in 
relation to deficiency of choline. It is of interest, however, that all the choiine- 
“eficiont animals had extremely fatty liver, whereas the liver of the control 
dogs fed eholine appeared normal. The average chloroform-extractable ma- 
terial found in the liver of Dogs 3, 4, 5. 9. 10, and U (receiving no eholine) was 
H'2 per cent. In the liver of Dogs 7 and 8. which had received eholine, there 
"os an average of 17.6 per cent chloroform-extractable material. 

Experiment 2 indicated that at a concentration of 2 per cent the liver 
fraction used did not furnish enough of the missing factor or factors to render 
me control diet adequate. It was derided to try another liver extract low in 
^oiine and to use it in slightly higher concentration. The "Wilson's Liver 
Indian "L” is low in choline and is fairly potent in certain nutritional fac- 
0rs essential for the chick. This liver fraction therefore replaced the original 
lVw faction used in the ration and was included at a 3 per cent level (Ration 
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3, Table I). Three litters, totaling twelve puppies, were placed on this ration. 
The control puppies received in addition 150 mg. per cent, of choline chloride. 
The growth performance of the first two litters (Experiment 3), totaling five 
Puppies, is shown in Pig. 3. It can be seen from the curves that Dog 16 grew 
well throughout the experimental period of fifty-seven days. The littermate, 
Dog 15, receiving no choline did not grow at all for the first twelve days. 



Fig. 3. — Growth curves of puppies of Experiment 3, Ration 3. Arrow indicates inception of 
supplement of 150 mg. choline chloride per 100 Gm. of ration. 



Fig. 4. — Growth curves of puppies of Experiment 4, Ration 3. 

He was then given 0.5 Gm. choline chloride orally and then 150 mg. per cent 
were added to the ration. After a lag of ten days he began to grow and grev 
well thereafter. Dogs 12 and 13 received no choline and showed a net loss 
of weight over the experimental period of forty-three days. At this tune 
they were sacrificed for tissue examination. Dog 14, a littermate of Dogs 12 
and 13, received 150 mg. per cent of choline chloride. This dog failed to make 
any gain in weight until the twenty-eighth day. From this time on its weight 
and activity steadily improved until the forty-third day, when it was sacrificer 
for tissue examination. 

The third litter placed on Ration 3 contained seven puppies (Experiment 
4 and Pig. 4). Dogs 17, 18. and 19 were given the ration without additions 
supplements. The ration of Dog 20 was supplemented with 0.7 per cent - 
methionine, and that of Dogs 21, 22, and 23, with 150 mg. per cent chotm 
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Table II 


Terminal Blood asp Tissue Findings in Puppies op Experiments 5 and i 


r-oo 

SEX 

RA- 

TIOS 

SUPPLEMENT 

DAYS 

OX 

EX- 

PERI- 

MENT 

LIVER 

cud, 

EX- 

TRACT 

BR0M- 

Ht?L- 

PA- 

I.EIN* 

TEST 

fit,. 

DYE 

PER 

ML. 

PLAS- 

MA 

PLASMA 
phos- 
phatase 
i*o. r 

LIBERATED 

PRO- 

THROM- 

BIN 

TIME 

SEC. 

HEMO- 

GLO- 

BIN 

GM. 

% 

HEMA- 

TO- 

CRIT 

% 

RED 
BLOOD 
CELLS 
MIL- 
LION 
PER 
MM. 3 

8 HR. 

24 HR. 

12 

F 

3 

None 

43 

30.5 

12 

a-ir 

90S 

23.0 

1U 

41.5 

5.3 

13 

F 

3 

None 

43 

48.1 

23 

(524 

1,230 

iifEIKh 

9.2 

29.5 

4.4 

14 

IT 

F 

3 

150 mg. % cho- 
line chloride 

43 

7.4 

4 

122 

260 


9.8 

30.0 

5.3 

At 

3 

150 mg. % cho- 
line chloride 

57 

13.3 

3 

79 

231 

10.8 

10.1 

31.0 

4.8 

u 

F 

3 

150 mg. % cho- 
line chloride 

57 

16.0 

3 

87 

2-2 


10.8 

35.0 

4.3 

17 

.18 

.19 

20 

*22**" 

IT 

F 

3 

None 

32 

47.1 

31 

563 

1.090 

62.0 

9.0 

36.0 

4.1 

SI 

3 

None 

32 

5(5.6 

42 

566 

1,183 

46.0 

9.0 

41.0 

4.6 

M 

3 

None 

32 

48.2 

22 

614 

1.124 

EU 


45.5 

4.8 

F 

3 

0.7% dl- 
methioninc 

32 

11.9 

10 

82 

245 

33.7 

30.0 

39.0 

5.8 ~ 

M 

3 

150 mg. % cho- 

32 

19.1 

4 

137 

349 

10,3 

KtTni 

37.0 

5.1 

F 

^ I v | Vo ) •>.. | *2.«> | o j xt.> | ojo j <>.o 

1 l line chloride i 1 I 1 1 1 

||g| 

'401 


9.3 

30.0 

4.S 


chloride. Food consumption and growth in the animals receiving the supple- 
mented rations were little better than in those on the basal ration for the first 
three weeks but showed improvement from this time until the thirty-second 
- v > "’hen all the puppies were sacrificed. Terminal hepatic dye clearance 
(hromsulfalein), plasma phosphatase, and prothrombin times were determined 
on all of the twelve dogs. These and other terminal findings are summarized 
*n Table II. 


7 1 order to obtain information on the quantitative requirement of the 
growing pup for choline and on the biochemical nature of the deficiency, two 
more litters of puppies were placed on experiment. The first litter of seven 
Pnppies {Experiment 5, Fig. 5) was placed on Ration 4. In this ration, the 
Uer extract was the same as that used in Ration 3, but the concentration was 
Sauced to 2 per cent. Two of the dogs received no choline supplements, one 
received 5 mg. per 100 Gm. of ration, another 10 mg., two others 150 mg., and 

* * ast per cent di-methionine on the ration. Since the dogs did not eat 

® ratl °n well, it was thought that more Liver Fraction "L” might be re- 
quired, and they were all given a total of 11.5 Gm. per kilogram of body weight 
0ra % in the period from the seventeenth to twenty-first days. Striking im- 
provement in the liver function tests of the two dogs with choline deficiencies 

V* rC ^- n * ter ^ ver fr' act * 7 * * * 011 feeding, and one of them (Dog 26) sacrificed 

1 us time showed a relatively normal liver lipid content. Whether this liver 
repair was due to the 10 mg. of choline per kilogram of body weight obtained 
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Tabu: 


Terminal Bi.ood and Tissue Findings 


DOG 

SEX 

RA- 

TION 

supplement 

RAYS 

OK 

EXPERI- 

LIVER 

% 

cue). 

LIVER 
CHOL- 
ESTEROL 
MG. PER 
CM. DRY 

BROM- 

SULFA- 

LEIX 

TEST 

PLASMA phos- 
phatase flB. P 
libeeated 





MENT 

EXTRACT 

MO. RYE 
PER ML. 
PLASMA 

8 HR. 

24 IIP.. ' 

24 

Jit 

4 

150 mg. % cho- 
line chloride 

41 

20.5 


7 

105 

331 

25 

F 

4 

150 mg. % cho- 
line chloride 

43 

13.1 


6 

S5 

239 

26 

F 

4 

None 

21 

19.5 



SO 

230 

27 

M 

4 

None 

41 

27.5 



534 

1,220 

2S 

F 

4 

10 mg. % cho- 
line chloride 

41 

i 

. 27.9 



353 

931 

29 

M 

4 

5 mg. % cho- 
line chloride 

43 

30.4 


47 

572 

1,159 

30 

F 

4 

0 . 7 % ai- 

* methionine 

41 

11.S 


8 

115 

341 

31 

F 

5 

None 

18 

34.6 

9.1 

25 


1,423 

32 

F 

5 

None 

21 

46.3 

S.3 

27 


1,403 

33 

F 

5 

10 mg. % cho- 
line chloride 

60 

48.7 

8.4 

20 

629 

1,358 

34 

F 

5 

25 mg. % cho- 
line chloride 

60 

43.2 

8.7 

20 

562 


35 

F 

5 

50 mg. % cho- 
line chloride 

GO 

25.9 

S.O 

9 

114 

316 

36 

F 

5 

100 mg. % cho- 
line chloride 

60 

16.9 

9.6 

9 

72 

239 



from the liver extract or to other lipotropic substances present in the liver 
extract cannot be stated. The liver feeding was stopped on the twenty-first 
day, however, and the experiment was continued until the fortieth day. -'it 
this time, liver function tests in the dogs receiving no choline and those re- 
ceiving 5 mg. and 10 mg. per cent choline indicated considerable liver disease. 
All the dogs were sacrificed at this time. Terminal blood and tissue findings 
are given in Table III. 

The .failure of Ration 4 to provide good growth in all the control dogs 
when supplemented with 150 mg. per cent choline, coupled with the low plasma 
protein concentrations found in these animals, suggested that the ration was 
inadequate in protein. At this time the peanut oil meal became unavailable, 
and we were forced to obtain peanut protein from peanut flour. After ex- 
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nr 

IS PurriES IN’ EaTEBIMENTS 5 AND C 


PKO- 

TJlBOM- 

BJKTIWE 

SEC. 

Pt ASM A 
TOTAL 
CHOLES- 
TEROL 

MG. 7t 

PLASMA 
CHOLES- 
TEROL 
ESTERS 
MO. 7c 

BLOOD ; 
GLU- 
COSE i 
MO. 7c j 

HEMO- 
GLOBIN* 
OM. % 

HEMA- 

TOCRIT 

7< 

PLASMA j 
PRO- j 
TEWS j 

CM. 7o i 

! 

! 

BLOOD 
GREAT- j 
ININE j 
MG. .7c \ 

MUSCLE * * TOTAL 1 1 
CREATINE MG. PER 
OM. PRES1I 

SKELETAL 

HEART 

31.5 

97 

67 


31.5 

37.5 

3.P j 

1.10 

3.50 


33.6 

! no 

57 


9.7 

33.0 

3.5 ; 

0.70 

3.27 

2.00 

30.0 

i 



32.0 

40.5 

5.7 i 

1.09 i 

3.20 , 


33.2 

CO 

30 


ll.fi 

3P.0 

4.2 

0.78 j 

3.3 5 j 


13.8 


43 


34.2 

40.0 

4.2 

0 9G j 



ISO 

S3 

I oo 

1 

11.5 

I 39.0 1 

3.0 


3.48 

2.52 

30.0 

90 

j CO 

| 

11.0 

1 32 5 1 

4.8 

i 1.14 j 

3. 48 


55,0 

37 

■H 


3.0 

! 10.0 i 

3.5 


972 

1.87 

23.8 

40 


194 ! 

l.fi 

fi.p 

2.4 

1 0.05 j 

2.72 1 

1.83 

16.3 : 

65 j 

HI 

144 j 

10.3 

33,5 j 

4.5 

! e.36 

2.58 

2.06 

16.2 ' 

39 


319 

8.7 

32.0 | 

4.0 

3.21 

f 2.70 

1.95 

13.8 

79 

58 

124 . 

13.1 

3R.0 j 

5.0 

! 3.88 

t 2.71 

2.14 

32,9 

35$ 

95 

112 

11.5 | 

■ 

34 5 j 

4.8 

! 3.58 

f 

| 2.72 

2.04 



'faction tiiis peanut flour contains 64 per cent protein (N x 6.25). It was 
decided to include the extracted peanut flour at a level of 15 per cent and to 
fiuse tlie casein content of the ration from T to 10 per cent. Tills change was 
expected to increase the value of the protein in the ration and would at the 
sa, «e time decrease the choline content of the ration. The composition of this 
ri >tion is shown in Table I (Ration 5). A litter of six puppies was plaeed on 
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this ration (Experiment 6, Pig. 6). Two received the basal ration only, and 
the other four received the basal ration supplemented with 10, 25, 50, and 
100 mg. of choline chloride per 100 Gm., respectively. Growth in Dog 36, 
receiving 100 mg. per cent choline, was excellent ; fair in Dog 35, receiving 
50 mg. per cent choline; and poor in Dogs 33 and 34, receiving 10 and 25 mg. 
per cent choline, respectively. Dogs 31 and 32, receiving no choline supple- 
ment, died on the eighteenth and twenty-first days, respectively. The onset 
of this fatal deficiency was rather sudden but was preceded by loss of appetite 
and activity several days before death. The animals were markedly under- 
nourished, and there was pallor of the viscera. The liver was yellow, and the 
thymus gland was considerably smaller than normal. These observations are ' 
consistent with our findings in all of the dogs deficient in choline in Experi- 
ments 3, 4, and 5. Gross pathologic examinations were made by Dr. Frank 
Dutra, of the Department of Legal Medicine, and samples for histologic ex- 
amination were taken by him ; they will be discussed in a later publication. 
The remaining dogs in Experiment 6 were sacrificed on the sixtieth day for 
examination. Blood and tissue findings in this litter of dogs are summarized 
in Table III. 

METHODS 

The total lipid analysis of all liver samples was performed in the following 
way : The livers were dried in a constant temperature oven at from 62 to 
65° C., ground in a small mortar, and extracted in a Soxhlet extractor for 
thirteen hours with chloroform. The per cent of chloroform-extractable ma- 
terial is given in terms of dry weight of liver throughout and is an average 
of two separate analyses. 

Liver cholesterol was determined by the Liebermann-Burchard color re- 
action developed from a suitable aliquot of the chloroform solution of the 
liver lipids. The color of the extracts was corrected for by reading in tlie 
spectrophotometer at 710 g before adding the sulfuric acid. Although this 
color may have changed somewhat by the addition of the acid, the error is 
necessarily' small since these colors adsorb very little at 710 //.. 

Blood plasma cholesterol and cholesterol esters were determined by the 
method of Bloor 7 and Bloor and Knudson, 8 respectively, and adapted to the 
spectrophotometer. Blood hemoglobin was determined by the acid hematni 
color measured in the spectrophotometer at 380 g. Blood sugar was deter- 
mined by the micromethod of Folin and Svedberg 0 adapted to the spec- 
trophotometer. Plasma proteins were determined by the plasma gravity method 
of Phillips and co-workers, 10 using the equation : n 

(Plasma Specific Gravity— 1.00687) 340.1 = Gm. plasma proteins per 100 c.c. 

The plasma protein determinations were frequently checked by the ICjeldahl 

method and favorable agreement found. 

Blood creatinine was determined by development of the alkaline pierate 
color in tungstate filtrates of blood and measuring the color in the spectro- 
photometer at 500 ,u Muscle “total” creatine was determined by autoclaving 
finely cut muscle tissue in 2N sulfuric acid for forty-five minutes. e a 
line pierate color was developed from a tungstate filtrate of this prepara J 
and measured in the spectrophotometer. 
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The bromsulfalein test was modified from the usual procedure in the 
clinic to one more suitable for work with dogs. Seven milligrams of bromsul- 
falein per kilogram of body weight wore injected intravenously instead of the 
usual 2 to 5 mg., and the plasma samples were obtained after an interval of 
eight minutes. Normal adults and puppies have an almost colorless plasma 
after this time. This test is based on the quantity of dye present in the plasma 
after a given time (eight minutes) rather than the usual procedure of estab- 
lishing the time required for the plasma to be completely decolorized. In 
practice all samples were obtained within plus or minus twenty seconds of the 
eight-minute mark by stop watch. The average deviation of all samples from 
eight minutes was thirteen seconds. Twelve-minute samples were obtained 
from several of the severely deficient dogs It is interesting that these all 
contained over 80 per cent of the amount of dye present at eight minutes. 
Only dye concentrations of the eight-mmute samples are listed in the tables. 
The determination of bromsulfalein in the plasma consisted of adding 4.5 e.e. 
distilled water and 1.0 c.c. normal NaOlI in this order to 0.5 e.e. of the plasma 
hi a spectrophotometer tube. The colors were immediately read in the spectro- 
photometer at the absorption maximum of 580 /i Since other substances in 
plasma absorb in highly varying amounts at this wave length, we found it neces- 
sary to use a '‘blank** for each dog made up with a sample of plasma taken 
before the dye injection. 

The plasma phosphatase was determined by adding 1.0 e.e. of plasma 
from oxalated blood to 5 c.c. of 0.3 per cent sodium glycerophosphate adjusted 
to pH 7.6 with dilute IIC1. Three tubes were used for each dog. One and 
one-half cubic centimeters of 10 per cent trichloracetic acid were added to the 
firs>t tube immediately; 5 drops of chloroform were then added to each tube, 
and the tubes were incubated at about 38° C. After eight hours, V/o c.c. of 
10 per cent trichloracetic acid were added to Tube 2 and after twenty-four 
hours, to Tube 3. The tubes were then centrifuged and suitable aliquots 
removed for inorganic phosphate analysis. This was done colorimetrically 
by the Fiske and Subbar ow method, using the spectrophotometer at a wave 
length of 660 g. The zero hour phosphate was subtracted from the eight- and 
twenty-four-hour values in order to calculate the amount of inorganic phos- 
phate liberated by the enzyme. Xo attempt is made to convert phosphorus 
values to enzyme units of any kind. Figures given are merely micrograms 
of phosphorus liberated by 1 e.e. of plasma in eight and twenty-four hours. 

Prothrombin times were determined by rapid removal of jugular blood 
if Uo a dry syringe and expressing 1 c.c. of this blood into a 9 mm. bore tube 
containing 0.2 c.c. of freshly prepared Wmthrop’s “Niphanoid*’ thrombo- 
plastin. The tube contents were mixed and the tribe tipped back and forth 
until the clot formed. Two determinations were done with each dog. The 
method at best is crude and subject to limitations in interpretation, but after 
standardizing our technique, we were able to obtain excellent checks in con- 
tyol dogs. There was more variation in the deficient dogs. Prothrombin 
tunes are given in seconds from the time the 1 c.c. of blood came into contact 
"’dh the thromboplastin. There is a few seconds* interval between the time 
he blood enters the syringe and is expressed into the tube, but our technique 
Was uniformly rapid and this should not introduce a relative variable. 
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DISCUSSION 


The failure of the control dogs receiving choline in Experiments 1 and 2 
and the response of two of these animals to a liver fraction indicate that one or 
more substances essential for the nutrition of the dog Were lacking on these 
rations. Since casein and methionine were ineffective in promoting growth in 
these aniamls, it was unlikely that amino acids were the sole deficiency factor. 
Improvement was afforded by using another liver extract (fraction “L”) in 
Experiments 3, 4, 5, and 6. These results are surprising in view of past experi- 
ence with purified rations for the dog. On purified rations supplemented only 
with thiamine, riboflavin, nicotinic acid, pyridoxine, pantothenic acid, and 
choline as sources of the vitamin B complex, fatal deficiencies were not observed 
over an experimental period of nine months. Only an occasional growth impair- 
ment or loss in weight 12 suggested that another factor was needed. Indeed an 
excellent ration for the production of pantothenic acid deficiency in the dog 1 ' 
contained no natural vitamin B complex source whatever. This was a highly 
purified ration supplemented only with synthetic B vitamins. Growth was 
excellent in the control dogs receiving pantothenic acid, and there was little 
reason to suspect the necessity of an additional factor. However, other investi- 
gators have observed fatal deficiency in dogs receiving rations of this type over 
extended periods of time. 14 Perhaps differences in the synthesis of nutrients 
by microorganisms of the gastrointestinal tract may account for these variations, 
although why synthesis might be different in the animals receiving the peanut 
meal ration is not known. It is also possible that the peanut meal exaggerates 
in some way the requirements for certain nutrients. Little can be said regarding 
the nature of the nutrient in Liver Fraction “L” essential in these experiments. 
It is probably not biotin, since the Fraction “L” is low in biotin and since a 
liver residue rich in biotin was found to be ineffective in preventing the death 
of Dogs 7 and 8 in Experiment 2. Fraction “L,” however, is high in oluatc 
factors essential for chicks and certain bacteria. The low plasma proteins in 
all the dogs of Experiment 5 (Table II) and the relatively poor growth of most 
of the control animals in Experiments 3, 4, and 5 (Figs. 3, 4, and 5) suggest. 


in addition, that the digestibility or quality of the peanut protein may be poor 
for the young pup. The data indicate that Rations 1 through 4 are not adequate 
for the weanling puppy, although choline deficiency may invariably be produced 
on them. However, Ration 5, which was used in Experiment. 6, seems to meet 
all requirements, since excellent growth and higher plasma protein values were 
obtained in the control dog fed 100 mg. per cent choline, yet the ration was 
sufficiently deficient in choline to permit the development of a fatal deficiency 
in less than three weeks. 

The growth and general condition of the methionine-fed dogs (20 and 30 
in Experiments 4 and 5) indicate that this substance is effective in protecting 
the dog from choline deficiency. This is in accordance with the findings” w 
rats. Thus the deficiency appears to bo primarily of labile methyl groups am 
not of choline per sc. There is. however, a small amount of choline m the ration 
since the liver extract (Fraction “L”) contains approximately 0.9 mg. poj 
gram, and presumably there are small amounts of choline phosplmtK cs n 
cottonseed oil and perhaps protein-bound choline still unextraetcc ron 
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peanut meal. Thus there remains the possibility of a specific requirement for 
choline perse, but, if existent, it is probably small in relation to the amount of 
labile methyl required. 

Experiment 6 gives the clearest indication of tire quantitative requirement 
for choline, since excellent grou-th was observed in the ration supplemented 
with 100 mg, per cent choline, and since this ration (5) contains the least 
amount of choline. It seems clear that 100 mg of choline per 100 Gm, of ration 
was entirely adequate for Dog 36, since the rate of growth was optimum for 
laboratory dogs, and that 10 and 25 mg. pci 100 Gm. of ration were inadequate 
for Dogs 33 and 31. Dog 35 showed a slightly fatty liver and growth somewhat 
inferior to that of Dog 36. Thus 50 mg. per cent appears somewhat inadequate 
on this ration, although the experiments arc limited. 

Food consumption studies show that the growing pup consumes from 50 to 
CO dm. of this ration per kilogram of body weight per day. The choline require- 
ment on this ration must therefore be no more than 60 mg. of elioline chloride 
per kilogram of body weight per day. This requirement is interesting in view 
of tiie requirement of the depanereatized dog The amounts of elioline and 
methionine in the ration used bv Best and co-workers’ were considerable, since 
it contained almost 7C> per cent lean meat These animals required, in addition, 
1 dm. or more of elioline per day in order to prevent the fatty degeneration of 
the liver. Drngstedt’* also states that depanereatized dogs require “approxi- 
mately 2.0 Gm. of elioline a day over and above that present in the diet” to 
prevent the fatty metamorphosis of the liver. It should be noted that our ex- 
periments were all done with growing pups, and pups might be expected to 
require more choline than adult dogs. Reducing all these factors to a rough 
estimate, it would scent that a depanereatized dog might require over three times 
the amount of choline required by a normal dog. Considerable change in elioline 
or labile methyl metabolism must therefore accompany pancreatectomy, and it 
is possible that other substances such as the “lipocaic” of Dragstedt, 1 ' which are 
lipotropic but not elioline and which are contained in raw pancreas, merely 
operate to restore the prcpancreatcctomy choline metabolism. 

Tlie rapidity with which choline deficiency appears under these conditions 
K somewhat comparable to that observed in rats” and is a confirmation of the 
findings 0 f Hough and associates.* These investigators used a peanut meal 
ration similar to that described in this paper except that it was much higher in 
ftt. They observed striking differences in hepatic dvc clearance (rose bengal) 
and in serum phosphatase after their puppies had been on the ration only 
fourteen days. It is unfortunate that their animals developed infection and 
n’ed before completion of the experiment, since further observations on the 
adequacy of their ration for the control animals would he most interesting in 
'ww of our experience with this type of ration. 

Fonts 3 reported a nutritional cirrhosis in dogs on a low elioline ration which 
"as lsocalorieally much higher in fat and lower in protein than the ration de- 
scribed in this paper. The protein was exclusively casein, so the methionine 
Content was also greater than that of our rations, and liver fractions or other 
"tamin B complex sources were not used in most of the dogs. Adult dogs were 
"sed instead of puppies in most of the experiments, and the author states that 
here was a weight loss in all the dogs. The factors of age, lack of growth, and 
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highei metliionine content of the ration point to a more chronic type of de- 
ficiency, as was actually the case. One group of dogs averaged 175 days sur- 
vival on the ration. 

The lipid content of the liver of the animals with choline deficiencies 
(Tables II and III) was extremely high and is comparable to that observed in 
the fatty infiltration of the liver of the puppy with pantothenic acid deficiency. 13 
The control range of from 7.4 to 20.5 per cent and the deficient range of from 
25.9 to 56.6 per cent (dry weight basis) are quite distinct and all liver, with one 
exception, has been confined to these ranges. The exception was in the case of 
Dog 26 with choline deficiency in which the liver contained 19.5 per cent lipid. 
This animal was, as mentioned, previously, sacrificed after the feeding of liver 
extract (Experiment 5), and this may have exerted lipotropic action due to its 
content of choline or other substances. 

The total cholesterol values of the liver obtained in Experiment 6 (Table 
II) indicate that in spite of the rise of total lipids in the liver during the course 
of choline deficiency, the cholesterol content of the liver is relatively unaffected. 

The elevation of the plasma phosphatase in the deficient dogs is clearly seen 
from Tables II and III.. That of the choline-fed control animals ranged from 
72 to 143 g". phosphorus liberated per cubic centimeter of plasma in eight houis 
and from 222 to 399 fig. phosphorus in twenty-four hours. Typical values for 
dogs receiving no choline are 614 fig. phosphorus in eight hours, and 1,124 fig. 
in twenty -four hours (Dog 19). In general, the increase in phosphatase activity 
is related to the degree of fatty infiltration of the liver. 

There is also clearly demonstrated a marked impairment in the removal of 
bromsulfalein from the plasma of the deficient dogs. The plasma from dogs 
receiving choline contained from 3 to 10 /ig. of bromsulfalein per cubic centi- 
meter of plasma after eight minutes, whereas dogs receiving no choline had from 
12 to 42 fig. of the dye per cubic centimeter of plasma. However, the results of 
the bromsulfalein tests are not as well correlated with the degree of fatty infil- 
tration of the liver as are the phosphatase values. 

The prothrombin time increases were less striking, on the whole, and ap- 
peared only in those animals having the most severe fatty infiltration of the 
liver. Since all control animals were confined to the range S.O to 13.7 seconds, 
this must be regarded as “normal” under these conditions. Deficient Dogs 13, 
26, 27, 28, and 29 all had prothrombin times in this range, and of these only one 
had a liver lipid content over 31 per cent. Much higher prothrombin time read- 
ings were observed in Dogs 12, 17, IS, 19, 31, and 32 (twenty-three to sixty-two 
seconds), and these animals had an average liver lipid content of 47.2 per cent. 

The total cholesterol and cholesterol esters of the plasma in the control 
animals ranged from 90 to 15S and from 57 to 95 mg. per cent, respectively. 
The deficient animals ranged from 40 to S3 and from 9 to 58 mg. per cent, 
respectively. The average values for the control dogs are 114 mg. per cent total 
cholesterol and 70 mg. per cent cholesterol esters, while those for the deficient 
are 59 and 31 mg. per cent, respectively. Both cholesterol and cholesterol esters 
are therefore markedly reduced in the plasma of the animals deficient in choline, 
but the results indicate little correlation between the degree of fatty infiltration 
of the liver and the amount of lowering of either of the cholesterol components. 
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The' changes in plasma phosphatase, cholesterol, and cholesterol ester yalocs, 
hromsulfalein elimination, and prothrombin time are all commonly associated 
with liver disease. Most likely they do not reflect a primary biochemical effect 
of choline deficiency but rather a secondary effect incident to the fatty infil- 
tration of the liver. The fall in hematocrit, hemoglobin, and plasma proteins 
observed in Dogs 31 and 32 and the rise in blood sugar in Dog 32 are doubtless 
other manifestations of this liver dysfunction. Evidently when a longer time is 
required for the liver to beeome infiltrated with fat, as in the case of Dogs 2T, 
28, 29, 33, and 24, the animal is able to maintain more normal concentrations 
of these substances. 

The colloidal gold test as described by (tray*'* was also applied to the sera 
of these dogs hut revealed no differences whatever in the flocculating power of 
the sera between the dogs with severe liver impairment and those with normal 
liver findings. This was true in all ranges of sensitivity of the colloidal gold 
solution. As the colloidal gold test depends on the presence in the serum of 
increased amounts of gamma or beta globulin, 1 '’ it suggests that such increases 
do not occur in the pup with choline deficiency 

The dependence of creatine synthesis on the methyl “pool” 20 led us to 
investigate blood creatinine and muscle “total” creatine concentrations to see 
if there were any serious impairment in creatine formation. The skeletal muscle 
used throughout these studies was the pectoralis major. The two litters of dogs 
studied (Dogs 24 through 36, Table III) gave different “total” eroatine concen- 
tration ranges. We are unable to explain these differences, but it can be seen 
from Table III that in either single experiment “total” eroatine in both skeletal 
and heart muscle was not lowered m severe deficiency. This is in accordance 
with the findings of Almquist and co-workers 21 in chicks and of Roberts and 
Eckstein 22 in rats. There were no differences in the per cent dry weight of 
muscle tissue from dogs receiving choline and those receiving no choline, so the 
relationship of the creatine values holds in terms of both wet and dry muscle. 
The blood creatinine values are highly variable and difficult to correlate in any 
way with the state of nutrition of the animals. Whether or not total creatine 
excretion studies would indicate a decreased synthesis of creatine in the pups 
deficient in choline remains to he investigated. It is interesting that a tissue 
85 ric ^ fa creatine as skeletal muscle can maintain a normal creatine content in 
the face of a severe methyl deficiency. 


SUMMARY 

The development of a ration for the production of acute choline deficiency 
! n weanling puppies is described. Fatal deficiency in choline may be produced 
* Css than three weeks and is characterized by severe fatty infiltration of the 
fiver. Seven-tenths per cent dl-methionine or 0.1 per cent choline chloride 
supplemented to the ration apparently renders it adequate in alt respects. In 
rholine deficiency there is a rise in blood plasma phosphatase, an impairment in 
■‘romsulfalcin elimination, and a fall in blood plasma cholesterol and cholesterol 
®ters, I n severe choline deficiency there is, in addition, an increase in pro- 
nromhin time and a decrease in blood hemoglobin, hematocrit, and plasma pro- 
teins. “Total” creatine in both heart and pectoralis major muscles is not low- 
er «l in choline deficiency, nor is there n consistent lowering ot blood creatinine. 
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The total cholesterol concentration o£ the liver is unchanged, although total 
lipids are increased from three to four times. 

The choline requirement of the growing puppy on this ration is probably 
not more than 100 mg. per 100 Gm. of ration or 50 mg. per kilogram of body 
weight per day. 

We are indebted to Merck & Co., Inc., Hallway, N. J., for generous supplies of thia- 
mine, riboflavin, nicotinic acid, pantothenic acid, pyridoxine, choline, and methionine; to 
The Wilson Laboratories, Chicago, 111., for liver extracts; to Abbott Laboratories, North 
Chicago, 111., for liver extracts; and to Hynson, Westcott, and Dunning, Inc., Baltimore, 
Md., for bromsulfalein. 

The authors wish to thank Mr. Fred Snell and Mr. Jose Snrraga-Audinot for their 
assistance in this work. 
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LYSOLECITHIN AND TiiK ANTIHEMOLYTH 1 VALUE OF THE BLOOD 


H. Bruce Collier, PaJD., and Karl M. Wilbur, Pii.I). 
Halifax, N. S. 


B ERGENHEM and Fahraeus 1 have found that when mammalian blood is incu- 
bated the erythrocytes tend to become spherical and their sedimentation 
velocity greatly reduced. Production of lysolecithin was believed to be re- 
sponsible for these changes, and increased quantities of lysolecithin could be 
extracted from incubated scrum, as compared with fresh serum. If the blood 
or serum were agitated during incubation, the changes did not take plaec. It 
ms suggested by these authors that lysolecithin is formed by an enzymatic 
process in the relatively stagnant blood of the spleen, and that in the peripheral 
circulation the rapid movement of the blood prevents the formation of lyso- 
lecithin. 

Singer 2 described an extraction method for the quantitative estimation of 
lysolecithin in serum; he confirmed the observation that lysolecithin increases on 
incubation of unmoved blood and that shaking inhibits the process. An increased 
production of lysolecithin in the stagnant blood from the splenic vein, and from 
varicose veins, was indicated. In a further investigation. Singer, Miller, and 
Eamesbek 3 found that splenectomy caused definite alterations in lysolecithin 
metabolism. Grip wall,* using Singer’s method, has confirmed most of these 

foldings, 

Nevertheless, it has not been conclusively proved that lysolecithin plays an 
important role in normal blood destruction, as Singer 2 admits. Furthermore, 
Gillespie 5 has recently shown that the changes that take place in the erythrocytes 
incubated blood are not the same as the changes produced by lysolecithin. 
Finally, it may be pointed out that Bergenhem and Fahraeus 1 based their con- 
tusions mainly upon measurement of sedimentation velocities, a method clearly 
not specific for lysolecithin. The reliability of Singer’s extraction method has 
not been demonstrated, and in the present investigation it has been found that 
this method does not give quantitative recovery of added lysolecithin. In the 
absence of a specific quantitative method for determining lysolecithin in the 
Wood, it was decided to adopt a direct titration method, which gives a measure 
f the net antihemolvtic value of whole blood, or of serum, in terms of lyso- 
lecithin. 

METHOD 

The method employed is based upon the assumption that changes in the con- 
centration of lysins, or of antihcmolytic substances, in the Wood will be reflected 
m the amount of lysolecithin required to bring about hemolysis of that blood 
“nder stated conditions. The procedure, a modification of that of Collier and 
-‘ack,* consists of a determination of the number of milligrams of added lyso- 
ccitliin which will bring about 50 per cent hemolysis of 1 e.c. of blood, or its 
equivalent, in 60 seconds at room temperature. This number is termed the 
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antihemolytic value. (The temperature coefficient of lysoleeithin hemolysis was 
found to be very low— only 1.05 for the range 20 to 30° C.) 

Apparatus . — A Lumetron Model 401 photoelectric colorimeter, with 14-inch 
tubes and red filter No. B660, was used for following hemolysis by measuring 
the opacity of the cell suspension as described by Wilbur and Collier. 8 

The hemolysis blank was negligible, and cell suspensions were found to obey 
Beer’s Law, i.e., extinction or optical density (— log transmission) was propor- 
tional to cell concentration. ** 

Material . — The lysoleeithin was the snake venom preparation of Collier and 
Allen 7 ; although not pure, it provided a reproducible standard. It was dissolved 
in absolute methanol at a dilution of 1 :1,000 for whole blood or serum and 
1 :4,000 for erythrocytes alone. 

Buffered saline (4 volumes of 0.95 per cent NaCl plus 1 volume of M/8 
sodium phosphate buffer, pH 7.4) was used for diluting the blood samples. Re- 
distilled water was used for preparing solutions and for rinsing glassware. 

Procedure . — For -whole blood (anticoagulant 1:10,000 heparinf) 20 /A of 
the sample were diluted to 5 c.c. in the buffered saline. The suspension was 
stirred with a bulb pipette and at zero time the lysoleeithin was added (about 
50 to 80 pi. of 1:1,000 solution from a pipette graduated in 1/1)000 c.c.). Fob 



FiR. 1. — Lysoleeithin time-dilution curves for human blood. Ordinates*, lysoleeithin dilution 
x 10' 3 (e.g„ 50 indicates a dilution of 1:50,000). 


lowing immediate stirring the initial optical density was quickly noted and the 
colorimeter dial was set at 50 per cent of this reading. The time required for the 
galvanometer to read zero again was measured with a stopwatch, thus giving the 
time for 50 per cent hemolysis. 

Several measurements were obtained for each sample, with hemolysis times 
somewhat less than or more than 60 seconds. From these values a conventional 


•If a photoelectric colorimeter is not available, a visual colorimeter may be used lor 

Thp roll <?n<mpnsion is placed m one cup and a standard of opacitj in 
™tbS Under these conditions a longer time than 60 seconds for the end point is des.rable. 
tConnaught Laboratories. 
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time-dilution curve was plotted, with time of hemolysis as abscissae and lyso- 
lecithin dilution as ordinates. (For example. 50/d. of 1:1,000 lysolceithin in 
5 e.c. = 1 :100,000. Dilution =* 100,000. : Typical time-dilution curves are given 
in Fig. 1. 

From such a curve the dilution of lysolceithin required to bring about 50 
per cent hemolysis in exactly 60 seconds is obtained by interpolation. Usually 
three points are sufficient and tlse precision of the method is about 2 to 3 per 
cent. From this dilution the antihemolvtie value is calculated. For example, 
if the dilution corresponding to 60 seconds is 100,000, this is equivalent to 50 pg 
oi lysolceithin per 5 e.c. of 1:250 blood, or 2.5 mg. of lysolceithin per 1 e.e. of 
whole blood. The antilicmolytic value is therefore 2.5 

For erythrocytes alone the cells from 1 e.e. of Mood were washed three times 
with the buffered saline and made up to 250 e.c. To 5 e.c. of this 1 :250 suspen- 
pension in the colorimeter was added 1:4,000 lysolceithin (about 50 to 100 pi.), 
and the dilution required for 50 per cent hemolysis in 60 seconds was determined 
as before. 

The antihcniolytic value of plasma was obtained by deducting the value for 
the cells from that of whole blood. For serum, 20 /d. were added to 5 e.c. of 
1:250 cells of known antihemolytic value and the value for the cells alone was 
subtracted from that of the mixture. Type 0 ceils wore used for measuring a 
series of human untyped sera. 

The antihemolytic value of blood reconstituted from washed cells 
and plasma was found to be identical with that of the whole blood, in- 
dicating that the nse of washed ceils is justified and that the anti- 
hcmolytie value of plasma and of cells is additive. The sphering of 
cells induced by lysolceithin was not reversed by repeated washing, 

' The ratio of cells to plasma was obtained from hematocrit readings. 

In the case of incubated blood, the cells were so swollen that constant 
readings could not be made, and therefore plasma values could not be 
obtained directly. 

When the Singer extraction method was applied to serum, the hemolysis 
readings were made photoclcctrically in 1 e.c. mierotubes, and the amount of 
lysolecithin in the extracts was determined by comparison with a hemolysis curve 
“sing standard lysolecithin and the same cells. 

All incubations of blood or serum were carried out under sterile conditions. 


RESULTS 

Recovery of Lysolecithin by Singer’s Method . — The Singer extraction 
taethod was applied to both rabbit and human serum and the apparent increase 
! n lysolecithin on incubation was confirmed. However, addition of lysolecithin 

0 serum indicated that the recovery by this method was very low. When 0.20 

lysolceithin was added to 10 e.e. of rabbit serum, none was recovered; 
of 1 '° tl m K- resulted in recovery of only 0.093 mg. Injection of 20 mg. 
ovolecithin into a rabbit weighing 2.4 kg. caused no sphering of the cells and 
cm was no increased recovery from the scrum. This low recovery of added 
ysolecithin has been found to be due, in part, to incompleteness of the ether 

1 ^'P’O'tion, apparent extraction of antihemolytic substances along with lyso- 


taithin 


and loss of activity' of lysolecithin in saline solution.® 
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1 inally, 10 mg. of lysolecitliin were added to each 10 c.c. sample of human 
serum, incubated and unineubated ; an apparent increase of 0.038 mg. per cubic 
centimeter of serum was found (Table III). This procedure is not economical 
enough for routine use, but it probably indicates the order of magnitude of the 
increase in lysolecitliin on incubation. 

Incubation and the Antihemolytic Value of Blood . — The antihemolytie value 
of blood or serum should be lowered on incubation if the concentration of lvso- 
lecithin increases, other factors remaining unchanged. Table I indicates that 
when rabbit serum was incubated twenty-one hours at 37° C. there was a de- 
crease in the antihemolytic value of much greater magnitude than could be ac- 
counted for by the increase in lysolecitliin as determined by Singer’s method. 
Table IV summarizes the results of experiments on whole blood, cells, and serum 
of three species, rabbits, dogs, and human beings, showing that the antihemolytic 
value is always significantly decreased by incubation. The influence of various 
factors upon this change in the antihemolytic value during incubation is de- 
scribed below. 

Table I 

Incubation and the Antihemolytic Value of Rabbit Serum 


* 

1 LYSOLF.CITHIN (mu. ter c.c.) 


UNINCUBATED 

INCUBATED 

| DIFFERENCE 

Singer’s method 

0.0005 

0.0010 


Antihemolytic value 

2.92 

1.96 



That the change in the antihemolytie value of the erythrocytes is due in part 
to an alteration in the plasma is indicated by the following procedure. Washed 
cells from 1 c.c. of rabbit blood were mixed with 2 c.c. of incubated serum, and 
another aliquot of cells was mixed with 2 c.c. of the same serum refrigerated. 
After two hours the cells were washed again and their antihemolytic value was 
measured. The values were 0.50 and 0.67, respective!}'. Assuming that lyso- 
lecithin is adsorbed by erythrocytes from incubated serum, 1 this corresponds to 
an adsorption of 0.085 mg. of lysolecitliin from 1 c.c. of incubated serum. 

The change in the antihemolytic value with time of incubation at 37° C. 
was measured on human serum from two individuals and the results are plotted 
in Fig. 2. Control values show that some change took place even at refriger- 
ator temperature and that there was a further marked decrease in the anti- 
hemolytic value when these controls were finally heated for thirty minutes at 
60 to 63° C. The maximum change took place in about twenty-four hours 
at 37° C. and subsequent incubations were carried out for this length of time. 

To determine the effect of temperature upon the change in the antihemo- 
lytic value of rabbit serum, samples of the same serum were heated for eight 
hours at various temperatures. The results of these experiments are given in 
Fig. 3. The serum at 62° C. was cloudy, indicating incipient denaturation. 
No temperature optimum was observed, and it was repeatedly found that heat- 
ing serum between 60 and 70° C. resulted in a very marked decrease in the 

antihemolytic value. , 

The effect of II -ion concentration was determined, using botli human am 
rabbit serum. The pH was adjusted by addition of NaOH or H 3 P0, to the 
test tubes before sterilization, and the serum was incubated twenty-four horns 
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HOURS 

FIs. 2 — Change in the antlhcmolytic value on incubation of human serum. 



Pit. 


On&&' ! eff eot of temperature on change in the antihcmolytlo value of rabbit scrum. 
' : a _ antihemolj'tlc value =: decrease in the antibemolytic value on incubation. 
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at 37° C. (The tubes must be stoppered -with rubber stoppers; cotton plugs 
permit loss of CO,, resulting in an increase of pH.) The results obtained with 
one human serum and two rabbit sera are given in Pig. 4. It is apparent that 
there is an optimum at about pH 7.5. 



Fig. 4. — The effect of pH on change in the antihemoiytic value of incubated serum. Ordinates: 

A - antihemolytic value = decrease in the antihemoiytic value on incubation. 

Shaking of serum or whole blood was carried out in L-shaped Pyrex rocker 
tubes, immersed in a constant temperature bath and rocked at fifteen oscilla- 
tions per minute through an angle of 30 degrees. Control samples were simul- 
taneously incubated at rest. The results of these experiments are summarized 
in Table II, from which it is seen that in four of six experiments rocking 
slightly diminished the change in the antihemoiytic value. 

Table II 



Oxygen tension might be thought to have an effect on the changes taking 
place in stagnant blood, but experiments showed that reduction of the oxygen 
tension of whole blood had no marked effect on the decrease in the antihemo- 
iytic value. Samples of rabbit blood were evacuated, equilibrated with oxygen 
or nitrogen, and then incubated. It was found that the cells incubated under 
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N. were slightly more fragile ami (hat a greater degree of spontaneous hem- 
olysis hail taken place. But the antihcmolytte value of the whole blood shoved 
no significant difference. 

Various enzyme inhibitors were tested, hut none of the following was found 
to have any effect on the change in the antihemolytie value of rabbit serum 
incubated twenty-four hours at 37° C. : 


Quinine sulfate 1 :5,000 

Eserine sulfate 1 10,000 

ICON 1 :100,000 

Tri-o-cresyl phosphate” Saturated 


Sodium fluoride, M/2,000, apparently accelerated the change in the anti- 
hemolytic value, hut this may have been due to its hemolytic effect upon the 
erythrocytes. For this reason, fluoride is not a suitable anticoagulant for 
the measurement of the antihemolytie value. The oxalate mixture of Heller 
and Paul, 10 used as an anticoagulant, gave results similar to those obtained 
with heparin, except that the cells were somewhat increased in fragility, even 
when kept in the refrigerator. 

Chemical Changes in Incubated Serum . — The antihemolytie value of blood 
plasma is a resultant of various hemolytic and antihemolytie factors. Among 
the lytic substances present in plasma may he lysolecithin, bile salts, and free 
fatty acid, 11 According to Tsai and Lee." free cholesterol is the chief anti- 
hemolytie agent. In order to assess the magnitude of the changes of some of 
these constituents, human serum was incubated and the following determina- 
tions were carried out. The Singer extraction method for lysolecithin was 
applied following addition of 10 mg. of lysolecithin to each 10 cc. of incu- 
bated and unineubatod serum. Free cholesterol (i.e., digitonin-precipitablc) 
was precipitated by Sperry's 1 ” modification of the Sehoonhcimcr-Spcrry method, 
and the color was developed by the procedure of Hose, Schattner, and Exton, 1 * 
a method that gives a relatively intense and stable color. Free fatty acid was 
determined by the method of Freeman and Johnson, 15 with electrometric titra- 
tion in metlianolie solution. The results of these analyses are given in Table III. 


Tabu: III 

Changes in Constituents of Hr man Serum on Incubation 


YALUFR r*HR C-C. RERUM 

UNINCU- 

HATED 

INCU- 

BATED 

DIFFERENCE 

MG. 

MICRO- 

Equiv. 

Antihemolytie value, a*? lysolecithin (mg.) ; 

kysoleeithin by Singer modified (nig.) 

Free cholesterol (mg.) 

- — £7 ee fatty acid (mieroequiv.) I 

3.15 

0.012 

0.70 

2.20 

2.3(3 

0.050 ! 

0.37 

1.45 | 

0.79 

0.038 I 
-0.33 

( 

3.49* 

0.07* 

-0.85 

-0.75 


‘Calculated aa stcanc lyaoleclthin. 


It appears that the decrease in the antihemolytie value on incubation can. 
be accounted for by the increase in extractable lysolecithin, and there is 
150 increase in free fatty acid. The decrease in free cholesterol probably ac> 
e <Hmts for a considerable portion of the change in the antihemolytie value. 

It was thought that chromatographic analysis might be applied to *' 
separation of the serum lipids and to the precise determination of Jyso’cvi- 
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Preliminary experiments have indicated that lysolecithin is strongly adsorbed 
by alumina from CC1., or CIIC1 3 solution and that it may be eluted with alcohol. 
Free cholesterol can be removed from the lipid extract by the method of 
Trapped 6 But when serum extracts were put through appropriate adsorption- 
elution procedures the recovery of added lysolecithin was still less than 1 
per cent. 

Summary of Antihemolytic Value Determinations . — Numerous antihemolytic 
value determinations have been carried out on the blood of rabbits, dogs, and 
human beings and the results have been summarized in Table IY. It is recom- 
mended, however, that each laboratory determine its own normal values rather 
than accept these figures as of absolute significance. (The antihemolytic value 
of blood specimens should be determined as soon as possible, as it decreases 
rapidly at room temperature and even in the refrigerator.) 


Table IV 

Summary of Antihemolytic Value Determinations 
(Mean Values ± Standard Errors) 



NO. OF 
SAMPLES 

UNINCUBATED 

INCUBATED 

DIFFERENCE 

Rabbit whole blood 

4 

2.45 + 0.09 

1.83 ±0.12 

0.62 + 0.07 

Rabbit cells 

4 

0.72 ±0.07 

0.52 ± 0.04 

0.20 + 0.03 

Rabbit scrum 

13 

2.20 + 0.11 

1.81 + 0.11 

0.39 + 0.03 

Dog whole blood 

2 

3.31 + 0.41 

1.76 ±0.05 

1.55 + 0.35 

Dog cells 

1 

o.so 

0.45 

0.35 

Dog serum 

O 

2.50 + 0.25 

2.32 + 0. 13 

0.27 ±0.12 

Human whole blood 

7 

3.20 + 0.12 

2.30 ± 0.08 

0.90 + 0.06 

Human cells 

i 7 

0.68 + 0.01 

0.49 ± 0.01 

0.19 + 0.01 

Human serum 

4 

3.97 + 0.27 

2.90 ±0.16 

1.07 ±0.12 

Human serum* 

i 24 

3.85 ± 0.0S 




•From normal Blood donors. 


The series of human sera was obtained from normal blood donors. There 
was no significant difference between the averages for nine males and for 
fifteen females. Three of the sera were slightly lipemic and gave rather high 
values ; one very lipemic specimen, with an antihemolytic value of 6.0, was not 
included in the average. 

Saponin may also be used for antihemolytic value determinations but the 
distribution between cells and plasma is different from that obtained with 
lysolecithin. When saponin is used, the cells make up about two-thirds of the 
antihemolytic value of whole blood, while the ratio with lysolecithin is about 
one-fourtli. With saponin the change in the antihemolytic value on incubation 
is relatively small: a sample of human blood gave the values 13.9 and 13.2 
before and after incubation. 


DISCUSSION 

In confirmation of the findings of Bergenhem and Fahraeus 1 and of Singer 
it has been found that the apparent lysolecithin content of serum increases on 
incubation. Singer’s method gives, however, less than 1 per cent recovery o 
added lysolecithin and attempts to achieve quantitative recovery have been 
unsuccessful. (It is possible that the lysolecithin formed by snake venom 
not identical with that in the serum. When sufficient serum lysolecithin 
available, its recovery by Singer’s method will be tested.) Because o 












C0IA1ER AND WILBUR : LYSOLECITHIN 


1131 


inadequacy of this method and because of the possibility that blood may con- 
tain various hemolytic and antibemniytie substances, a direct titration of whole 
Wood with lysolecithiu is proposed and the result is expressed as the anti- 
hemolytic value. 

The capacity of the blood to withstand the effects of lysins obviously 
depends upon the resistance of both cells and plasma. Therefore any measure 
of this resistance to hemolysis must include both components. A quantitative 
measure of the total hemolytic and nntihemolytic factors has been given in 
terms of lysolecithiu. (Other lysins could be used but lysolecithin was chosen 
because it is known to be present in the blood. It cannot be assumed, of 
course, that the various lytic substances in the blood act in additive fashion, 
but the antihcmolytic value in terms of lysolecithin is suggested as an approxi- 
mation to the resistance of the blood to lysis by various agents in vivo.) The pres- 
ent method, like those mentioned above, fails to give an accurate measure of the 
amount of lysolecithin in blood, so that the question of its physiologic signifi- 
cance must still remain open.* 

The antihcmolytic value of blood or of serum has been found to decrease 
markedly on incubation. When whole blood is analyzed both plasma and colls 
show a decrease in the antihcmolytic value. At least a portion of the change 
ia the cells is due to changes in the plasma. However, as Gillespie 5 has demon- 
strated, the volume and fragility changes that take place in the cells of incu- 
bated blood are not the same as those caused by lysolecithin. 

Bergenhcm and Fahraeus 1 suggested that lysolecithin was produced in 
incubated blood through the action of a ieeinthinase, similar to that of snake 
venom. 15 This enzyme in the blood was apparently completely inhibited by 
'luininc, by shaking, or by heating to 52° C. The factors controlling the change 
in the antihcmolytic value are evidently not identical with those that affect 
the sedimentation velocity, as shaking, lipase inhibitors, or heating did not 
inhibit the change. Furthermore, high temperatures accelerated rather than 
inhibited the change in the antihcmolytic value, which fact suggests that the 
process is primarily nonenzymatic. The effect of pll is different from that 
observed by Bergenhem and Fahraeus and more closely resembles the effect 
observed by Hughes 17 with snake venom acting on lecithin films. Denatura- 
tion of serum protein or of lipoprotein complexes may be involved in the 
alteration in the antihemolytie value: higher temperatures and lower pH 
values, causing cloudiness of the serum, resulted in a marked lowering of the 
antihemolytie value (Figs. 3 and 4). On the other hand, addition of rattle- 
snake venom as a source of enzyme resulted in a decrease in the antihemolytie 
value greater than that brought about by incubation alone. 

It is probable that when blood is withdrawn from the circulation, both 
Wzymatie and nonenzymatic changes are initiated. These take place even at 
refrigerator temperatures and are accelerated at higher temperatures. The 
decrease in the antihemolytie value cannot he accounted for by the apparent 
incase in extractable lysolecithin. Johnson 11 lias discussed the lytic action 


yaw values in Table in (!) n(' tiler with the data on the decrease in the .antihemolytie 
tloii of 1 , ” lls hinted with Incubated serum, suyeest that the increase in lysolecithin on Incutia- 
t ’ e ntranfo ru ? 1 o 2 ° f the order of mocnitude of 0 05 to lit me. per cubic centimeter A con- 
' 'Iht! . ,' A .0 25 nw. -or cubic centimeter was necessary for sphering of the erythrocytes of 
“ «nole Wood in vitro. 
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of free fatty acids, but these decrease on incubation, possibly because of 
esterification with cholesterol. Furthermore, lipemic human serum has a some- 
what elevated antihemolytic value rather than a lowered value. A great part 
of the decrease in the antihemolytic value of incubated serum may be due to 
the reduction in free cholesterol, a phenomenon which was described by Sperry 
and Stoyanoff. 18 If it is assumed that free cholesterol inactivates lysolecithin 
in molecular proportion, 10 more than one-half of the change in the antihemolytic 
value of human serum can be accounted for in this way (Table III). 

The experiments on the antihemolytic value of blood offer no support for 
the “stagnation” hypothesis of normal hemolysis, since neither shaking nor 
reduction of oxygen tension had any marked effect on the antihemolytic value. 
Certain mechanisms must operate to maintain the antihemolytic value of the 
blood at a fairly constant level in vivo, but these evidently fail to operate in 
vitro. The practical significance of the antihemolytic value has not as yet been 
demonstrated, but it is planned to investigate the effect of various physiologic 
and pathologic conditions on the antihemolytic value of blood. 


SUMMARY 

1. It has been confirmed that extractable lysolecithin increases on incuba- 
tion of serum. The Singer extraction method gives, however, less than 1 per 
cent recovery of added lysolecithin. 

2. In the absence of a specific method for lysolecithin, the antihemolytic 
value of whole blood, erythrocytes, and serum has been determined by titra- 
tion with lysolecithin. The antihemolytic value is defined as the number of 
milligrams of lysolecithin required to bring about 50 per cent hemolysis of 
1 c.c. of blood,, or its equivalent, in one minute at room temperature. Average 
values are presented for antihemolytic value determinations on blood of rab- 
bits, dogs, and human beings. 

3. The antihemolytic value of whole blood or serum decreases markedly 
on incubation. A rise in temperature accelerates the change, with no evidence 
of a temperature optimum. The pH optimum is at about pH 7.5. 

4. The change in the antihemolytic value of incubated serum is not mark- 
edly affected by agitation, reduction in oxygen tension, or lipase inhibitors. 

5. This change in the antihemolytic value may be partly due to the de- 
crease in free cholesterol on incubation. It is probably the resultant of various 
changes in the serum or plasma proteins and lipids. It is not known whether 
this phenomenon has -any physiologic significance. 

We wish to acknowledge the kind cooperation of tlie staff of the Halifax Blood Donors 
Clinic in obtaining small samples of human serum. 

Note.— Attention should be drawn to a recent paper which appeared after this paper 
had been submitted for publication: Ponder, E.: The Kinetics of in vivo Hemolytic Sys- 
tems, J. Gen. Physiol. 27: 483, 1944. 
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THE EFFECT OF HUMIDITY AND TEMPERATURE 
ON OXYGEN TOXICITY 


H. R. Hulpieu, Ph.D., and Versa V. Cole, Ph.D., M,D. 
Indianapolis, Ind. 


INTRODUCTION 

T 0XICIT1 from oxygen has been repeatedly demonstrated. 1 ' 0 The toxicity 
is dependent on the concentration of oxygen present and varies with the 
species. 2 ’ 6> 7 In human beings concentrations as low as 70 per cent for a time 
as short as six days have been reported to cause oxygen toxicity. 8 In some 
species of animals, such as the rat, it also varies with age. 3 ’ 10 In other species, 
such as the dog, no such age difference was found. 11 There is also evidence 
that oxygen toxicity is increased by increasing the external temperature. Thus 
Campbell showed that rats taken to six atmospheres of oxygen and slowly 
decompressed had a higher survival rate at 24° C. than at 33° C. 12 Turtles 
brought to mammalian temperature (37.5° C.) behaved like mammals, whereas 
at 23 to 26° C. they showed no symptoms. 3 The work of Paine and others 
showed that a dog whose external environment went to 90° F. did not survive 
as long as the other dogs which were maintained at a lower temperature. 11 
The humidity has been recorded or kept constant in several studies on oxygen 
toxicity, 0 ’ 9 ' n > 13 but there seems to be a dearth of comparisons on the effect 
of humidity. It was our object, therefore, to study further the effects of tem- 
perature and humidity on oxygen toxicity. 

EXPERIMENTAL PROCEDURE 

A diagram of the apparatus used may be seen in Fig. I. The chamber 
consisted of a 5-gallon glass jar with inlet and outlet tubes. The inlet tube 
was connected with two bottles which contained either water or calcium chlo- 
ride, depending on the humidity desired. These connected directly with the 
oxygen tank or the outside air. Rats were placed in a wire cage within the 
chamber, four rats to a chamber (two on each side), at humidities 30 per cent 
and 90 per cent or higher. Two rats were used per chamber for humidities 
below 20 per cent. For the 30 per cent humidity, calcium chloride was placed 
in the stand holding the cage. For the lowest humidity it was necessary to 
surround the cage with a screen containing calcium chloride in addition to 
that in the stand. For humidity near saturation, water was placed about 1 cm. 
deep in the bottom of the chamber. A thermometer with a relative humidity 
measuring device was attached to the rat cage. These instruments were 
cheeked against wet and dry bulb thermometers and found to be accurate from 
about 10 to 40 per cent humidity. The high humidity experiments were 
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checked at intervals with the wet and dry bulb thermometers and also by 
Harger’s glass syringe apparatus for determining moisture in air. 14 

Kats were selected as experimental animals because of their well-known 
resistance to oxygen poisoning/- « Male rats were used throughout. The 
rats varied in weight from 69 to 111 Gm. ; the a\et*age weight for the various 
groups varied from. 79 to 91 Gm. The temperatures used for the experiment 
were 90 and 80° F., with variations of plus or minus 2 degrees. The humidities 
studied were a low humidity between 10 and 20 per cent, an intermediate 
humidity averaging about 30 per cent with maximum variations from 25 to 35 
per cent, and a high humidity of 90 per cent or above. Analysis for carbon 



loxide by the Haldane apparatus showed the concentration to be kept below 
/2 per cent. This was done by varying the stream of oxygen or air. This 
concentration of carbon dioxide is well below that which might produce toxic 
C ec ts. 16 Analysis for oxygen showed it to be above 96 per cent in all oxygen 

experiments. 

Each experiment ran for ten consecutive days or until death of all the 
s * oac h day the rats were removed from their cages for twenty minutes 
of \° W ^° r we tehing of the animals and cleaning of the cages. At the end 
e ten days the rats were removed from the chambers and kept in the 
ajoratory for at least two more days to see if any died. All that died were 
Psiod and checked for pathologic changes of oxygen poisoning. 


RESULTS AND DISCUSSION 

For the experiments on air, ten to twelve rats were used for each tern- 
Cl a * uro and humidity. * None of the rats died. The gain in weight cur - 
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(Fig. 2) was nearly normal with the exception of that for the rats kept at 
90° F. and below 20 per cent humidity. There seems, then, to be nothing in 
the procedure which would injure the health of the rats with the possible excep- 
tion of the combined high temperature and low humidity in one experiment. 

In Table I and Fig. 3 the results of high oxygen concentration at two tem- 
peratures and three humidities are recorded. It can lie seen from these data 
that oxygen had an unfavorable effect on both weight and life of all the groups 
of animals studied. Our observations confirm those of previous workers, that 
a high temperature is unfavorable. 11 ’ 12 This can be seen from the number 
surviving at each of the humidities studied. At humidity 90 per cent there is 
a chance of 1 in 100,000 that the difference between 80 and 90° F. is not sig- 
nificant. At humidity 30 per cent the chance is less than 1 in 1,000,000 that 



the difference is not significant. At humidity 20 per cent the chance that the 
difference is not significant is less than 1 in 100. If the best survival rate at 
temperature 90° F. is compared with the worst at temperature 80° F., it can 
be seen that the chance is very slight that there is any difference between these 
two groups. Temperature 80° F. and humidity 30 per cent gave the bes 
results in the six groups studied. The chance that this does not differ from 
temperature 80° F. and humidity 90 per cent is less than 1 in 100. The chance 
that humidity 30 per cent does not differ from humidity less than 20 per cen 
is about 1 in 10,000. At ten days there is no evidence that the difference e- 
tweeu 20 per cent humidity and 90 per cent at 80° F. is significant. Boweve , 
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Table I 

The Effect of Oxygen on the Survival and Weight of Rats 



T — S0° F. 

H = 90% 

T = 80° F. 

H = 30% 

T = 80° F. 

II = <20% 

K -4 

II II 

VS vs 
o o 

T = 90° F. 

II = 30% 

T =: 90° F. 

H = <20% 


NO. OF 


NO. OF 


NO. OF 


NO. OF 


NO. OF 


NO. OF 





RATS 


RATS 


RATS 




RATS 





LIVING 


LIVING 






LIVING 


0 

23 

85 

2S 

85 

14 

82 

10 

89 

24 

88 

1G 

85 

1 

23 

83 

28 

87 

14 

Sf> 

14 

S9 

24 

87 

14 

79 

2 

22 

78 

2 S 

84 

13 

79 

7 

lO 

21 

81 

6 

73 

3 

21 

74 

28 

78 

9 

74 

2 

75 

10 

78 

0 

78 

4 

19 

70 

2 S 

75 

5 

70 

2 

67 

9 

78 



5 

17 

71 

28 

7G 

5 

72 

2 

GG 

9 

80 




G 

17 

71 

27 

81 

5 

71 

1 

GG 

G 

SO 



7 

1G 

74 

27 

SO 

5 

71 

1 

78 

6 

82 




S 

1G 

74 

27 

80 

5 

71 

1 

80 

G 

81 



9 

36 

73 

27 

79 

5 

71 

1 


G 

78 




10 

1G 

73 

27 

79 

5 

70 

1 


G 

80 



1 

2 days after 

14 


26 




1 


G 




removal 














The average weight applies not only to those living, but also to the rats that died in the 
preceding twenty-four hours. 


T, Temperature; H. Humidity. 



DAYS 

Pig. 3 — Survival of rats in an atmosphere of 96+ per cent oxygen for ten days. 

a comparison is made of the number dead on the fourth day, the chances 
are about 1 in 300 that the difference is not significant. This would seem to 
indicate that there is a difference in death rate although not a significant dif- 
erence in total deaths over a period of ten days. For temperature 90° F. the 
est results were also obtained at 30 per cent humidity. Chances are about 
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1 in 200 that the humidity below 20 per cent is not worse than at 30 per cent. 
The chances that humidity 90 per cent is not worse than humidity 30 per cent 
are about 1 in 15. 


CONCLUSIONS 

A temperature of 90° P. is unfavorable for rats in high concentrations of 
oxygen when compared with a temperature of 80° P. at the three relative 
humidities studied. Humidity of 30 per cent is more favorable than humidities 
below 20 per cent or above 90 per cent. In the control of oxygen toxicity both 
the temperature and humidity are important. 
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THE VARIABILITY OF HEART RATE AND BLOOD PRESSURE IN 
SELECTED GROUPS OF COLLEGE AND 1IIGII SCHOOL STUDENTS 


Elizabeth Powell Salit, Ph.D., axd IV. IV. Tuttle, Pii.D. 
Iowa Citv, Iowa 


IF CARDIOVASCULAR measures are to be used to identify persons in good 
1 anti poor physical condition or to measure progress during the course of a 
training program, these measures must have sufficient reliability and discrimina- 
tory power. Individuals are known to differ ftom eaeli other as to resting and 
postexcrcise heart rate and blood pressure. It is also known that each individual 
varies from day to day and during the course of the day. In order to be able to 
distinguish one individual or group from another, it is necessary to have a 
comparatively wide range of variability among individuals or groups. Further- 
more, repeated measures an the same individuals should show relatively small 
fluctuations. Otherwise the obtained differences between individuals could very 
well be due to chance variations in the individuals concerned or to errors in 
measurement. The measurable effects of a training program or medically pre- 
scribed treatments are likely to be quite small. For this reason any objective 
measure of progress should be highly reliable, that is, not subject to large chance 
variations. It is the purpose of this investigation to determine which of several 
commonly used cardiovascular measures are most reliable and which of them 
have the greatest discriminatory power. 

Procedure. — Two groups of data were collected. The first was obtained from 
twenty college men and forty college women. One-half of the men and one-half 
of the women participated regularly in vigorous physical activity. The others 
reported little or no vigorous exercise. The second group of data was obtained 
from five 15-year-old high school boys who had an initial resting pulse between 
10 and 80 beats per minute. 1 

Each of the college subjects came to the laboratory on four different days, 
usually at weekly intervals and at the same time of day. After five minutes of 
heil rest the pulse was counted for fifteen seconds, and the blood pressure (sys- 
tolic and diastolic) was determined according to standard clinical procedures. 
The resting pulse and blood pressure determinations were repeated until con- 
secutive readings were approximately the same. In only a few cases was it 
necessary to take a third set of readings, indicating that five minutes of bed rest 
were usually sufficient to stabilize the pulse and blood pressure at a resting level. 
The subjects then rode a stationary bicycle for one minute at moderate speed (60 
revolutions per minute). A onc-half-minute interval was allowed for resuming 
the reclining position and adjusting the cuff of the sphygmomanometer. Reclin- 
ln g pulse and blood pressure determinations were made one-half minute after the 
exercise was completed and again after two and four minutes had elapsed. This 
whole procedure was repeated on different occasions until four sets of readings 
were re corded for each subject. 

From the Department of Physiology, State University of loiva. 
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In the ease of the high school boys, heart rates were recorded each school 
day morning during a period of five months. The sitting pulse was counted 
before and after a standard stool stepping exercise (40 steps per minute for one 
minute, using a thirteen-inch stool). The postexercise pulse was counted con- 
tinuously for two minutes, starting immediately after the cessation of the 
exercise. 

Individual Means and Variability . — The original scores for the resting heart 
rate, the individual means arranged according to resting heart rate, and the 
averages for the vigorously and moderately active groups of college men and 
women are shown in Pig. 1. The corresponding data for the pulse one-half 
minute after exercise and for the increase due to exercise appear in the same 
order in Figs. 2 and 3. It is evident by inspection that the range of scores for 
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.Fig. 


1 Resting heart rate for vigorously and moderately active groups of college men and 

women. 


individuals covers a large part of the range for the group; also, that the rank 
order established in Pig. 1 does not hold for the postexercise pulse or for the 
increase due to exercise, that is, the correlation with resting heart rate is not 

low, and average values for the average deviation of single measures 
from the means for individuals are shown in Table I. The men and ^omen ai 
about equally variable, averaging from 4 to 5 beats per minute m heart rate and 
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from 3 to 5 mm. of mercury in blood pressure. The day-to-day average devia- 
tions in the heart rate of the 15-year-old boys ranged from 2 to 7 beats per 
minute and yielded averages which were about the same as those for the college 
groups. 

The average deviation from the mean includes 57 per cent of the scores in 
a normal distribution, whereas 43 per cent of the scores fall beyond the limits 
set by the average deviation. Thus if a person's average resting heart rate was 
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RANGE OF FOUR DAILY SCORES 
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Fig. 2 — Heart rate one-half minute after moderate exercise. (Subjects arranged as in Fig. l.) 


m beats per minute and his average deviation was 6 beats, the chances arc that 
about three-fifths of any subsequent scores would be between 69 and 81 beats 
per minute. About one-fifth of the scores would be greater than 81 and another 
fifth would be less than 69. It would seem that fluctuations of this magnitude are 
altogether too large to warrant the use of single scores as measures of physical 
condition. * - 
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be certain at the 1 per cent level of confidence that the difference is not due to 
chance. Differences of 11 beats per minute are significant at the 5 per cent level 
of confidence. 

Differences as large as 17 beats per minute in the resting pulse occurred 
only 15 times out of a possible 190 in our group of twenty men. Thus the dif- 
ferences in resting pulse would lie significant at the 1 per cent level of con- 
fidence only 8 per cent of the time. Differences of 11 beats occurred 52 times 
(27 per cent of the time). Ten of these differences (5 per cent of 190) would 
have been significant on the basis of chance alone. The remaining forty-two 
cases represent the efficiency of the resting pulse in discriminating at the 5 
per cent level among individuals in our group of twenty eollege men. 

The pulse differences required for men and women at the 1 per cent and 
the 5 per cent level, the number of times differences as large as these occurred, 
and the percentage of differences meeting the 1 per cent and the 5 per cent 
requirement are shown in Table III. The greatest discriminatory power is 
shown by the pulse one-half minute after exercise for men. Of the 190 differ- 
ences between individuals in this group, 77 (41 per cent) were large enough 
to be significant at the 1 per cent level of confidence and 117 (62 per cent) 
were large enough to be significant at the 5 per cent level of confidence. 

. Table III 

The Occurrence of Heart Pate Differences Large Enough to Be Significant at the 
I Per Cent and the 5 Per Cent Levees of Confidence 




TWENTY MEN 
(190 PAIRINGS) 


forty women 
(780 FAIRINGS) 


| RESTING 
j TULSE 

ONE-HALF' 
1 MINUTE 
AFTER | 
! EXERCISE I 

INCREASE I 

lire to I 

EXERCISE 

RESTING 
TULSE j 

| one-half ; 

MINUTE 
AFTER 
i EXERCISE 

INCREASF. 

DUE TO 
EXERCISE 

Population, variance based on 
individual variability 

41.1 

45.2 

34.4 

32.6 

47.7 

49.2 

Standard error Mi-M. 
Differenee required at 1 per 
cent level 

4.53 

4.75 

4.15 

4.05 

4.8S 

4.96 

IT 

18 

15 

15 

18 

IS 

Difference required at 5 per 
cent level 

n 

11 

10 

10 

12 

12 

Number of differences meet- 
ing 1 per cent requirement 

15 

77 

73 

107 

251 


Number of differences meet- 
ing 5 per cent requirement 

52 

117 

112 

356 

413 

391 

Per cent of differences meet- 
ing 1 per cent requirement 

8 

41 

38 

25 

32 

29 

Per cent of differences meet- 
ing 5 per cent requirement 

27 

62 

59 

46 

53 

50 


Since some individuals are more variable than the average with respect 
to pulse scores, some of the differences as large as those specified in Table HI 
will not yield a significant t-ratio (it equals the difference between two means 
divided by the standard error of that difference). Conversely when the stand- 
ard error of the difference is small, differences less than the stated number of 
beats will be significant. These discrepancies balance each other however, 
so that the actual number of significant differences is approximately the same 
as the number of differences predicted in Table III. This was checked cm- 
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pirically after computing a series of t -tests for the significance of the differ- 
ences in pulse one-half minute after exercise among the twenty college men. 

This analysis shows that the resting pulse has some discriminatory value, 
yielding more significant differences than would be expected by chance. It 
also shows the extent to which the pulse after exercise is superior to the rest- 
ing pulse. And finally it calls attention to the limitations of even the best 
of the cardiovascular tests used in this experiment ; the average of four pulse 
scores one-half minute after a standard’ exercise was able to distinguish only 
per cent of the time at the 1 per cent level of confidence and 62 per cent 
of the time at the 5 per cent level. 

Reliability Coefficients . — The discriminatory power of a test can also be 
inferred from the coefficients obtained when two sets of scores on the same sub- 
jects are correlated. Such coefficients become larger with an increase in the 
range of scores around the group mean, and as the variability with respect to 
individual means decreases. 

The reliability coefficients obtained from our data on the twenty college men 
and forty college women are given in Table IV. The coefficients under the head- 
ing I II were obtained by correlating the first set of scores with the second. 
The reliability of the average of four determinations ( r 44) was estimated from 
r (I II) (III IV) by means of the Spearman-Brown formula. 4 

If the degree of reliability represented by a coefficient of .85 or above is 
desired in cardiovascular testing, it is necessary to use the average of four 
determinations rather than single test scores. 


Table IV 

Reliability Coefficients for Single Determinations of Heart Ratf. and Blood Pressure 

AND FOR THE AVERAGE Op FOUR DETERMINATIONS 


— 

RESTING 


1 ONE-HALF MINUTE 

| AFTER EXERCISE 


'in i 

r 44 

| r I II 1 

r 44 

Heart Rate 

Men 

.G3 

.83 

.80 

.94 

Women 


.8G 

.78 

.90 

Systolic Pressure 

Men 

.74 

.87 

.GO 

.78 

Women 


.93 

.74 

.88 

-Diastolic Pressure 

Men 

.71 

.SG 

.71 

.87 

Women 

.72 

.8G 

.70 

.92 


CONCLUSIONS 

Pulse after a standard exercise is a more reliable measure than the rest- 
IHilse, hut the resting systolic blood pressure is a more reliable measure than 
Ihc systolic pressure after exercise. 

2. Even when conditions arc carefully controlled, an individual ’s heart rate 
an d blood pressure are so variable from day to day that a number of determina- 
h°us must be made if his general status is to he established. 

3. Cardiovascular tests in general have little discriminatory power because 
,c differences in scores among individuals are small in relation to individual 

variability. 
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4. Individuals can more clearly be distinguished from each other on the 
basis of postexercise pulse rates than on the basis of resting heart rate or the 
increase due to moderate exercise. The same is true of postexercise systolic 
and diastolic blood pressures. 

5. The relative efficiency of heart rate scores in distinguishing individuals 
from each other has been demonstrated in terms of the percentage of significant 
differences among individuals in a group. Whereas only S per cent of the dif- 
ferences in the resting pulse for the twenty men in our experiment are signifi- 
cant at the 1 per cent level of confidence, 41 per cent of the differences in pulse 
one-half minute after exercise are significant at this level. The corresponding 
figures for the women are 25 per cent and 32 per cent. At the 5 per cent level 
of confidence, 62 per cent of the differences in pulse after exercise are significant 
among the men; among the women only 53 per cent of the differences are sig- 
nificant at this level of confidence. 
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THE OSCILLOMETER AND THERMOCOUPLE AS DIAGNOSTIC AIDS 
IN PERIPHERAL VASCULAR DISEASE 


Camtorll Moses, M.D., and Murrvy B Ferdkrber. M I) 
Pittsburgh, Pa. 


T HE widespread use of the oscillometer and thermocouple as diagnostic aids 
in peripheral vascular disease occasioned this study. An attempt was made 
to record the evidence obtained by various dingnost ie procedures and to cor- 
relate this evidence with the circulation in the extremities examined. 


technique 


To maintain standard conditions for all the observations, an air-conditioned 
room was equipped in the Falk Clinic. In this room it was possible to maintain 
both the temperature and the humidity within a narrow range. A temperature 
of 75° F. and a relative humidity of 7f» per cent were used ns standard, and 
all observations were made under these conditions. 

Data relative to the peripheral circulation were obtained on 102 subjects. 
Of these, 48 were normal individuals, 8 were asymptomatic with relation to 
peripheral vascular disease although they had some other systemic disease, 6 
bad thromboangiitis obliterans, and 28 had arteriosclerotic vascular disease. 
Of the 12 remaining patients, varicosities, neuritis, and angina pectoris ac- 
counted for all but 1. This patient, was a Negress in whom no arterial pulse 
could be obtained in the upper extremities. 

The sex, age, and race and the location, character, and duration of the 
symptoms of each patient were noted (Fig. 1). Previous treatment received 
by the patient and measures that afforded relief from symptoms as well as the 
family and past medical history were recorded. Physical examination, includ- 
es a neurological examination, was given each patient. 

Alterations in the color of the lower extremity in the dependent, hori- 
zontal, and elevated positions were noted. A period of ten minutes in each of 
these positions was allowed before the color change was recorded. Abnormal 
Pigmentation, the presence or absence of phlebitis, ulcers, gangrene, edema, 
trophic changes in the skin, nails, and hair, and pulsations of t lie dorsalis pedis 
an d posterior tibial arteries were observed. Calf measurements were recorded 
at the level of the greatest circumference. 

Skin temperature observations wore obtained with a skin temperature 
thermocouple apparatus in the following manner. "W ith the subject in the 
sitting position, the lower extremities were exposed in the air-conditioned room 


Medicine 01 ” the apartment of Industrial Hygiene of the University of Pittsburgh School of 

Poii T?? e . Westinghouse Electiic Supply Company equipped the air-conditioned loom at the 
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lor a period of twenty-five minutes. Skin temperatures were then recorded 
from the anterior portion of the thigh, the patella, the mid-calf, the internal 
and external malleoli, the dorsum of the foot, and the mid-plantar surface and 
from the skin at the base of the great toenail. The legs were then placed in 
the horizontal position upon a low, padded stool. After they had remained in 
this position for ten minutes, skin temperatures were again recorded from Die 
areas noted above. Finally the patient was placed in the supine position upon 
an examining table with the lower extremities supported at an angle of 45 
degrees above the horizontal. Skin temperatures were again recorded after a 
similar stabilizing period. The skin temperature findings from the thigh to the 
great toe for each subject in each of the three positions were plotted to illus- 
trate the centrifugal variation in skin temperature. 

A recording oscillometer was used to obtain the oscillometric readings. 
The cuff was placed about the calf and inflated to a level somewhat above the 
systolic blood pressure. The pressure in the system was then decreased by 10 
to 20 mm. Hg in successive steps until no pulsation was noted. 



Fig. 1. 

Vibratory sensation was tested according to the method of Barach. 1 An 
especially constructed tuning fork was used which made it possible to observe 
the instant when a standard amplitude of vibration was obtained. The length 
of time which elapsed from the instant the standard amplitude of vibration 
was reached until the subjective sensation disappeared was recorded until a 
stop watch. Vibratory sensation determinations were made at the angle of 
the sternum, the lower end of the radius and ulna, the anterior superior spine 
of the ilium, the mid-point, of the tibia, the internal and external malleoli, and 
over the tip of the sacrum. These readings were then individually plotted 
against the normal variation previously obtained by Barach. 

At the suggestion of Dr. C. C. Guthrie, the calorimetric method of esti- 
mating the blood flow in the extremities devised by Stewart” was used. Through 
the courtesy of Dr. J. M. Rogoff, the original calorimeters which Stewart de- 
vised were' available, and with these as models, suitable calorimeters were con- 
structed. The technique described by Stewart was rigidly followed. 
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Tliis technique is summarized 1 ‘ briefly. The subject to be examined placed 
the extremities in a bath containing water at approximately 30° C. At the end 
of fifteen minutes the part to be tested was transferred swiftly and with a 
minimum of exposure into a calorimeter containing water at exactly the same 
temperature as that in the preliminary bath. The water within the calorimeter 
was stirred by means of feathers, and temperature readings estimated to the 
hundredth of a degree were taken at regular intervals for twenty minutes. 

From tlic transfer of heat from t he part being tested to the water bath it 
was possible to estimate the flow of blood through the part by the following 
formula : 

H 1 

Q x — 

T - T l S 

Where Q is equivalent to the quantity of blood flowing through the part dur- 
ing the period of observation; If is the beat given off to the calorimeter during 
the period of observation and the water equivalent of t he calorimeter and of 
the part. - T represents the temperature of the arterial blood. Stewart’s figure 
for this is 0.5° C. below the rectal temperature or the equivalent of oral tem- 
perature. T l equals the temperature of the venous blood. Because of the heat 
transfer that takes place between the water in the calorimeter and the super- 
ficial veins, the temperature of the venous blood was taken to he equal to the 
mean temperature of the calorimeter. S represents the specific heat of blood, 
or 0.9. 

The volume of the part through which the blood flow was being determined 
was measured by the displacement of water. The flow of blood was recorded 
in grams of blood per 100 c.c. part volume per minute. As pointed out by 
Sheard, 12 the actual determination of the volume flow of blood by this method 
is open to criticism. 

OBSERVATIONS 

Of the 4S normal subjects in the group examined, 39 were men and 9 
"omen. The average age of the normal group was 23 years. All 6 with 
thromboangiitis obliterans were males; they had an average age of 4o.5 years; 
3 members of this group were Hebrew. The average age of the 28 individuals 
"ith arteriosclerosis was 61.7 years; of this group 14 were men and 14 women 
(Fig. 1). 

In the arteriosclerotic group 23 of the 28 patients were diabetic. A his- 
tory of neuritis was obtained in one-half of the patients who were diabetic. 
Either history or evidence of an active phlebitis "was present in 3 of the 6 
patients with thromboangiitis obliterans. Only 1 of the 28 subjects w'ith 
arteriosclerosis gave a history of phlebitis. None in the normal or asymptomatic 
"roup had had phlebitis. 

In the subjects with arteriosclerosis of the lower extremities, intermittent 
claudication was a common symptom ; almost as frequently the pain was noted 
in the ankle, dorsum, longitudinal arch, or in the toes. Numbness, tingling, 
burning, aching, and rest pain were common symptoms in those in this group. 
A sense of local fatigue rather than intermittent claudication was often an 
early sign of peripheral vascular involvement. Of the patients with arterio- 
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sclerotic vascular disease who exhibited rest pain, almost 50 per cent were able 
to obtain relief from the pain by moderate exercise, warmth, or massage. None 
of the patients with thromboangiitis obliterans found the rest pain relieved by 
exercise. Both the patients in the arteriosclerotic group and those with Buer- 
ger’s disease obtained relief from intermittent claudication by rest. 

A variable decrease from the normal calf measurement was noted in sub- 
jects with peripheral vascular disease (Pig. 2). Atrophic changes in the skin 
were noted in over 50 per cent of those with arteriosclerosis. Only 25 per cent 
of this group had a normal distribution of hair over the extremities. As 
would be expected from the variation in the age groups, the subjects with 
arteriosclerosis had a higher average blood pressure than did those with 
Buerger’s disease. 

Palpable varicosities were noted in over 75 per cent of the subjects with 
symptoms of arteriosclerotic vascular disease. One-half of this group con- 
sisted of older women, many of whom had had large families; this probably 
accounts for the high incidence of varioeosities. However, it is not unlikely that 
the symptoms of vascular disease are more prone to appear in the presence of 
both varicosities and arteriosclerosis. 



CALF MEASUREMENT 
RELATIONSHIP 

Pig. 2. 


Merely the presence of rubor, cyanosis, or pallor is not of itself indicative 
of vascular disease. Included in this series were both normal and symptomatic 
subjects with these signs. Rubor was commonly seen in normal individuals 
with the feet in a dependent position when the room temperature exceeded 78° F. 
Edema of the lower extremities of some degree was found in 45 per cent of 
those in the arteriosclerotic group. However, in interpreting this figure it 
must be recalled that one-half of those in this group also had palpable varicosities. 

' Three of the patients with thromboangiitis had demonstrable edema of the legs. 

The pulsation of the dorsalis pedis artery was palpable in all but 2 of the 
normal individuals; significantly it was also palpable in over one-half of those 
with arteriosclerotic vascular disease. This pulsation was present most fic 
quently in those with mild evidence of vascular disease. The posterior tibia! 
pulsation was absent frequently in the normal subjects, but was palpable in 
over 20 per cent of those until arteriosclerosis. It was noted that when 1 ie 
posterior tibial pulsation was not palpable, it could frequently be visuaize 
by everting the foot. This evidence supports the well-known clinical conclusion 
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that the absence of the dorsalis pedis or posterior tibial pulsation does not 
necessarily indicate the presence of vascular disease ; and, conversely, the presence 
of a palpable pulsation does not rule out the possibility of arterial vascular 
disease. 

The oscillomctric findings did not indicate uncquivoeably the presence or 
degree of involvement of peripheral vascular disease. The average reading 
obtained in patients with symptoms of arteriosclerotic vascular disease were 
slightly higher than those obtained in normal individuals (Fig. 3). This 
may be explained hy the fact that in those with chronic arterial disease the 
musculature of the leg is weak and somewhat atrophic. The artery may then 
be somewhat superficial!}' situated and each impulse of the artery is transmitted 
more readilj’ to the inflated cufi* than it is in the individual with rigid, heavy 
musculature. In the presence of arteriosclerosis, if the hardened artery is 
superficially located, it may rise out of its bed with each thrust of the pulse; 
this motion may he transmitted to the oscillometer and recorded as a normal 
arterial pulsation when actually the blood flow to the part is inadequate due 
to the diminished lumen of the vessel. Conversely, diminished oscillomctric 

o 



Fl£T- 3. 

readings may be obtained in normal individuals with heavy musculature because 
0 ai ’terial impulse is poorly transmitted as the artery lies in a bed of loose 
areolar tissue with firm muscular support. 

While diminished oscillomctric readings could not he interpreted as being 
solutely indicative of vascular disease, it was possible with repeated oscillo- 
faetric studies in the same individual to determine from time to time the changes 
,n peripheral pulsation that occurred. The evidence obtained by repeated 
°scdlometric observations on the course of a vascular disease, is, in our opinion, 
one chief uses of the oscillometer today. 

Tlie skin temperatures of all subjects in the dependent, horizontal, and 
'ateu positions were, recorded and no significant or constant changes were 
ftoted in any of these positions. No significant changes in skin temperature 
occurred in normal, arteriosclerotic, or thromboangiitic extremities with the 
e ° s in dependent, horizontal, or elevated positions. 

Of 384 observations on the leg in the dependent position, 424 in the hori- 
zontal, and 368 in the elevated position, it was found that the average skin 
CRipcratui’e in each position was very slightly higher in the arteriosclerotic 
oxtiemifcy than in the normal extremity. 
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Chronic vascular disease of the larger arteries does not necessarily result 
in decreased skin temperatures. The temperature of the skin is obviously 
dependent upon many factors, one of these being arteriolovenous anastomoses 
which shunt blood directly from the arterioles into the superficial veins . 0 By 
this means the blood may he directed into the cutaneous tissues before it has been 
cooled by passing through the capillary circulation. Since certain types of 
arteriosclerosis present pathologic lesions of the larger arteries but not, to 
any great extent, of the arterioles, it is entirely possible by means of this 
arteriolovenous shunt to have a normal skin temperature although the circula- 
tion of the part may lie impaired. This mechanism is only one factor that 
renders the interpretation of skin temperatures difficult; the temperature of 
the examining room, the previous activity of the part, the clothing worn by 
the patient, the psychic state of the patient, and many other factors may cause 
reflex changes in the circulation of an extremity and thereby alter the skin 
temperature. 



CENTRIFUGAL VARIATIONS 
IN CUTANEOUS LEG 
TEMPERATURES 

Fig. 4. 

Possibly a more satisfactory apparatus than the thermocouple for detei min- 
ing skin temperature is the radiometer ; this device has the advantage of meas- 
uring the radiated heat from a larger surface area. "With the thermocoup e 
device it. is possible to unknowingly place the metallic contact close to a supei 
ficial vessel and thereby obtain an excessively high reading. It is our °P inl °" 
that a reliable interpretation of a patient’s skin temperature may be ma e P 
the examiner placing his hand briefly on the extremity in various locations. 
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Obviously the hand should he warmed to room temperature. The impression 
of the skin temperature that is obtained by palpation Rives, in our opinion, a 
more accurate index of the circulatory status of the extremity than is obtained 
by the use of the thermocouple. From the data presented here it is apparent 
that normal skin temperatures as obtained with the thermocouple do not exclude, 
arterial vascular disease. 

It is generally recognized that there is a centrifugal decrease in skin tem- 
perature. It is interesting to note that in t his study the temperature of the 
great toe was the highest recorded on the entire leg in 16 observations; in 40 
individuals the great toe temperature was the lowest obtained ; and in 46 the 
temperature of the great toe was somewhere between the highest and lowest 
recorded on that extremity (Fig. 4). The dorsum of the foot was the warmest 
part in 36 patients, 26 of these having arteriosclerotic vascular disease. Again 
the explanation of these alterations in skin temperature may lie in the altered 
cutaneous blood supply caused by changes in the arteriolovenous anastomoses. 
The centrifugal decrease in the temperature of the arterial blood is not disputed, 
but since the arteriolovenous anastomoses have been found mainly in the distal 
portion of the extremities, the increased cutaneous circulation may permit the 
sliti to have a higher temperature peripherally than centrally. 

Studies on the blood flow in the feet by Stewart's technique indicated that 
the blood flow in patients with arteriosclerotic vascular disease and thrombo- 
angiitis obliterans averages about two-thirds that obtained in normal subjects 
(Pig. 5). It is to be noted, however, that, a wide range of values may he 
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rt'garded as normal. Slight errors in technique or alterations in the environ- 
m cnt markedly alter the results. To obtain comparable readings in a series of 
Patients it i s essential that they bo examined under exactly the same conditions. 
. Sheard" has criticized this method of quantitatively estimating the cir- 
culation. For this reason no quantitative figures of blood flow are offered. 
Comparative blood flow readings that are very high or very low when obtained 
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under standard conditions may be interpreted readily, but readings in the 
wide borderline range of normal values cannot be used as an accurate index of 
the circulation of the part. Determination of the blood flow by this method 
is of little use clinically, and other probably more satisfactory methods are 
available for investigative purposes. 

Estimation of vibratory sensation by the method described yields con- 
firmatory evidence of deficient circulation. Of the individuals examined in this 
study, all those with obviously deficient circulation had diminished vibratory 
sensation. However, diminution in vibratory sense is a late sign of circulatory 
deficiency and is of little diagnostic value in early cases. It is probably a 
confirmatory sign of the nervous deterioration accompanying impaired circula- 
tion. 

SUMMARY AND CONCLUSIONS 

1. Observations relative to the peripheral circulation were made on 102 
individuals. This group included 48 normal subjects, 8 asymptomatic, 6 with 
thromboangiitis obliterans, and 28 with arteriosclerosis. Observations as to 
history, symptoms, physical signs, oseillometric readings, skin temperatures, 
blood flow, and vibratory sensation were noted and the results tabulated. 

2. The techniques used in obtaining the data are briefly described. 

3. While in arteriosclerosis of the lower extremity, symptoms referable to 
the calf were most common, pain was noted almost as frequently in the ankle, 
arch, dorsum, or toes. Numbness, tingling, burning, aching, and rest pain were 
symptoms noted almost as frequently as. intermittent claudication in arterio- 
sclerotic vascular disease. A feeling of local fatigue was often the first sign of 
vascular disease. 

4. Arteriosclerotic rest pain was often relieved by moderate exercise. The 
pain of thromboangiitis obliterans was not relieved by exercise in any of our 
patients. 

5. Normal distribution of the hair over the lower extremity was noted in 
only 25 per cent of the patients with vascular disease. 

6. Rubor, cyanosis, or pallor of an extremity may be present in the 
absence of arterial vascular disease. 

7. The absence of the dorsalis pedis or posterior tibial pulsation was not 
pathognomonic of vascular disease, and the presence of a pulsation did not 
exclude vascular pathology. 

8. The oseillometric readings were not necessarily found to be decreased 
in arteriosclerotic peripheral vascular disease; normal individuals with heavy 
musculature may have diminished oseillometric readings. 

9. Normal skin temperatures may obtain in individuals with vascular 
disease. 

10. Estimation of the blood flow by Stewart’s calorimetric method in- 
dicated that the blood flow in patients with vascular disease averaged about 
two-thirds of that in normal subjects. 

11 Estimation of the vibratory sense by the method of Barach yields 
confirmatory evidence of deficient circulation but is of little early diagnostic 

value. 
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32. The arteriolovcnous anastomoses are suggested as one mechanism 
partially explaining the variations in skin temperature that occur in normal 
individuals and those with peripheral vascular disease. 
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A STUDY ON THE RELATIONSHIP OP BLOOD ISO-AGGLUTININ 
TITERS TO TOTAL SERUM PROTEIN CONCENTRATION 


Albert P. Rowe, Jr., M.D., Alice McBride, A.B., and Stacy R. Mettier, MI). 

San Francisco, Calif. 


T HE role of bloocl iso-agglutinins in whole blood and plasma transfusion 
reactions now is established. With the current renewal of interest iu pro- 
tein metabolism and the widespread use of plasma and protein hydrolysates 
iu combating hypoproteinemia, the behavior of blood iso-agglutinin titers, with 
changes in serum protein concentration, assumes importance from a clinical 
and experimental standpoint. The present study demonstrates that no definite 
relationship exists between blood iso-agglutinin titers and total serum protein 
concentrations. 

There are certain 'well-established facts regarding the behavior of bloocl iso- 
agglutinins in man. Minor, variations in serum titers occur from time to time 
and without apparent cause in normal persons. The titer is reduced in middle- 
aged and elderly persons. Increased titers have been observed during acute 
infections, in heterospeeific pregnancies, 5 and after plasma transfusions.' 
Davidsolnr 1 reported very high titers in patients with sickness resulting from 
the administrations of horse serum and lew titers in patients with severe 
anemia or chronic leucemia. 


METHODS 


Samples of blood for total serum protein determinations and titration of iso- 
agglutinins were collected according to the standards of Kagan, 1 which require 
that the blood be drawn within one minute after application of the tourniquet; 
the samples must be kept and centrifuged in well-stoppered tubes; only non- 
hemolyzed serum can be used, and no amount of fluid greater than 500 e.c. 
should be ingested at any time within four hours before taking the sample. 

Total serum protein determinations were made with the Kagan proteinoin- 
eter® by the falling drop method. 2, 3 A few- determinations were carried out iu the 
hospital clinical laboratory by the colorimetric method. The normal range of 
total serum protein concentration was considered to be from 6.0 to /. 5 Gro- 
per 100 e.c., as determined by Kagan. 1 

Titration of serum iso-agglutinins "was performed by making successive 
dilutions of serum in 7 mm. test tubes with physiologic saline solution. 0 
each test tube was added 3 drops of a 1.0 per cent suspension of A or B ee s 
in physiologic saline. Presli cell suspensions were prepared daily I’ rom 
healthy adults. The cell-serum mixtures were shaken vigorously and incubate 
in a water bath at 37.5 C. for thirty minutes. Eacli tube then was eentri uge< 
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at 500 r.p.m. for one minute, after which the cells were resuspended by a gentle 
but thorough shaking. Titration end points were determined by low-power 
microscopic examination of the suspension. The highest dilution which con- 
tained dumps of three or more cells was regarded as the end point Only 
differences of two or more dilutions were considered significant in individual 
patients who were observed at intervals. 

Antigen* powder was administered by dissolving the pieparalum in hot 
broth. Dosage varied from (i to 8 tablespoonfuis (from 54 to 72 (!m.) in ap- 
proximately 200 c.c. of broth two to three times daily. 

All technical procedures, except the few colorimetric protein determinations, 
Ncre carried out by us. 


CLINICAL MATERIAL 

Normal persons were seleeted at random for these studies from the medical 
anil nursing staffs and the medical classes of the University of California Hos- 
pital. All had serum protein concentrations within the expected normal range, 
^ith one exception, all the patients with hypoproteinemin were in the same 
hospital. 

Three patients with hvpoproteinemia received amigen orally to replenish 
depleted body protein stores and raise circulating serum protein levels. Two 
these patients received whole blood transfusions repeatedly. In no in- 
stance were titrations performed earlier than three days after transfusion. 
Although no significant changes in titer have been observed subsequent to com- 
patible blood transfusions, elevations have been noted after the injection of 
plasma. "Wiener* suggests that the presence of red cell stroma may contribute 
t0 tlle immunization effect. 


A. W., a 29-year-old white man, noted extreme weakness, pallor, and dyspnea six months 
Poor to lua entry to the hospital April 5, 1943. A diagnosis of aplastic anemia was estab- 
Hed by examination of the peripheral blood and bone marrow. The initial blood count re- 
waled the hemoglobin to be 1.5 Gm. (8 per cent) and the red blood cells to be 440,000 per 
'“tic millimeter. The presence of severe hypoproteinemia was discovered by the finding of 
? to 5 al ser um protein concentration of 4.27 Gm. per cent. The treatment during the initial 
hospital stay of one month consisted of whole blood transfusions, liver extract administered 
Parenterally, ferrous Bulfate, vitamin C, and amigen (from 34 to 72 Gm. twice daily) by 
^“th. During the initial period the patient developed purpura on one occasion and a num- 
of lar ge furuncles. The furuncles cleared rapidly. Upon discharge from the hospital 
he hemoglobin was noted to be SO per cent. There were six subsequent hospital entries for 
ransfusion 0 f whole blood or red cell mass. The treatment that he received while ambulatory 
81mila r to that which had been instituted in the hospital. Death occurred Oct. 11, 1943, 
fom a cerebral hemorrhage during hospitalization for a recurrence of purpura. Autopsy 
“nfirmed the diagnosis of aplastic anemia. 

Ir - IV., a 4G-ycar-old Jewish man, noted weakness for one month before entering the 
°®pital March 18, 1943. Two weeks prior to admission he lmd been disturbed by dyspnea 
exertion, tinnitus, and precordial pain. A blood count taken March 17, 1943, because 
f. 8Us P c cted lymphangitis of one aim revealed: hemoglobin, 4.6 Gm. (32 per cent); red 
°od Cel, s, 1.64 million; and white blood cells, 2,250. Additional blood and bone marrow 
* “dies resulted in a diagnosis of aplastic anemia. The treatment for this patient was 
Lf ntlcat to that employed in the patient in preceding case, but purpura appeared early and 


acii]. V^i!T lee f 1 is a dried enzymic digest of purified casein and pork pancreas containing amino 
Jna Polypeptides kindly furnished by Mead Johnson & Co.. Evansville. Ind. 
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rectal and gingival bleeding became severe. There rvas progressive reduction of the hemo- 
globin concentrations. The patient was discharged from the hospital June 30, 1943; the 
hemoglobin concentration was 94 per cent, and there was severe bleeding from the gums and 
extensive retinal hemorrhages. In spite of transfusions, bleeding increased and death oc- 
curred at home July 31, 1943. An autopsy was not performed. 

H. S., a 48-year-old white man, was proved to be suffering from chronic glomerulonephritis 
in. the nephrotic stage. Treatment consisted of a low salt, high protein diet which was sup- 
plemented with antigen in 54 to 72 Gm. doses twice daily. There was little change in the 
total serum protein concentration over a five-week period. The patient was discharged from 
the hospital Hay 80,194:3, anti failed to return for follow-up studies. 

OBSERVATIONS 

Tlie twenty normal subjects reported in Table I had the nsual distribution 
of blood types and a range of total protein concentrations within normal limits. 
In this group there was no constant relationship between iso-agglutinin titers 

Table I 


Normal Subjects 


SUBJECT 

TYPE 

TOTAL SERUM 
PROTEIN («M.) 

ANTI -A 

TITER 

ANTI-B 

TITER 

1 (M. D.) 

B 

6.18 

1:4096 


2 (M. A.) 

O 

6.2S 

1:1024 

1:512 

3 (A. B.) 

A 

6.30 


1:1024 

4 (D. G.) 

O 

6.39 

1:4096 

1:1024 

5 (H. K.) 

A 

6.42 


1:512 

6 (S. hi.) 

O 

6.46 

1:8192 

1:8192 

7 (M. M.) 

A 

6.49 


1:2048 

S (hi. L.) 

A 

6.53 


1:16384 

9 (F. h.) 

O 

6.62 

1:4096 

1:2048 

10 (B. Q.) 

O 

6.62 

1:4096 

1:512 

11 (J. R.) 

O 

6.62 

1:8192 


12 (D. R.) 

B 

6.77 

1:2048 


13 (M. S.) 

O 

6.90 

1 :204S 

1:512 

14 (N. C.) 

O 

6.97 

1:65536 

1:16384 

15 (M. B.) 

A 

7.08 


1:16384 

16 (hi. IV.) 

A 

7.22 


1:2048 

17 (A. W.) 

A 

6.10 


1:512 

18 (hi. S.) 

O 

7.03 

1:4096 

1:2048 

19 (C. H.) 

A 

6.76 


1:2048 

20 (S. D.) 

A 

6.87 


1:512 


Table II 

Hypoproteinemic Subjects 
Single Observations 


TUI ALi SERUM anTI-A 

SUBJECT TYPE PROTEIN titer 

(ctt.) 


1 (A. C.) 

B 

4.74 

1:512 

2 (A. B.) 

3 (b. S.) 

A 

B 

4.97 

5.56 

1:256 

4 (O. V.) 

5 (D. D-) 

0 (P. C.) 

O 

O 

A 

5.59 

5.09 

5.71 

1:256 

1:8192 

7 (B. C.) 

8 (F. S.) 

9 (B. L.) 

A 

A 

O 

5.72 

5.82 

5.82 

1:2048 


anti-b 

titer 


1:1024 


1:512 

1:1024 

1:16354 

1 :204S 
1:1024 
1:512 
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and serum protein levels. As lias been noted by other investigators, anti-A 
titers were higher than anti-13 titers. The high anti-A titer in one subject 14 
(N. C.) , was cheeked repeatedly but remains unexplained. 

Single determinations of iso-agglutinin titers in patients with lijf ixo- 
teinemia are recorded in Table II. Ilypoprotcinemia was mild in the ma.imih* 
of patients and the titers of the entire group evinced no significant difference 
vlien compared with the normal subjects. No correlation existed between the 
degree of bypop rot einemia and iso-agglutinin concentrations. 


Table III 

Patient A. W. 
Type O 


DATE 

(1943) 

TOTAL SERUM 
PROTEIN 
(031.) 

ANTI-A 

TITER 

ANTI-B 

TIIER 

3/24 ' 

5.37 

1:1024 

1:512 

3/23 

5.37 

1:1024 

1:512 

4/7 

4.2(5 



4/12 


1:4090 

1:2048 

4/20 

7.11 

1:4090 

1:1024 

i/27 

' (5.49 

1:4090 

1:1024 

5/3 

5.0(5 

1:8192 

1:204S 

5/10 

0.14 

1:8192 

1:4090 

5/1 S 

<5.1 S 

1:2048 

1 :409G 

0/3 

5.70 

3:10384 

1 :409G 

0/18 


1:10384 

1:16384 

0/25 

5.97 

1:10384 

1 : 3 0384 

G/28 

0.35 

1:10384 

1:8192 

7/8 

0.49 

3 :S192 

1:8192 

7/27 

0.11 

1:10384 

1:10384 

8/14 

0.42 

1:8192 

1:8192 

8/30 

0.14 

1:8192 

1:8192 

9/10 

0.07 

1:10384 

1:10384 

9/22 

5.80 

1:10384 

1:10384 

9/30 


1:10384 

1:10384 

10/8 

5.45 

1:10384 

3:16384 


Tile iso-agglutinin titers in one patient (A. W. Table III) rose from the 
'nitial concentrations of anti-A 1:1,024 and anti-B 1:512 to concentrations of 
™ti-A 1:8,192 to 1:16,384 and anti-B 1:8,192 to 1:16,384. Although there 
was no constant relationship between single serum protein concentrations and 
’“-agglutinin titers, nevertheless there appeared to be a fairly well maintained 
r « in iso-agglutinin titers when the -serum protein concentration was main- 
tained at levels above 5.70 Gm. per cent. In the case of patient H. W. (Table 
Iv ) •here was no correlation between the serum protein concentration and iso- 
a s?lutiiiin titers; in fact, the lowest titers (1:16 and 1:32) were found with 
nor «ial serum protein levels. Patient II. S. (Table V) had serum protein con- 
futations which were consistently low and which varied between 3.93 and 4.11 
^ ra ’ Per cent. Anti-A and anti-B titers showed variations of only three dilu- 
tions 1:128 to 1:1,024. Minor elevations in serum protein concentrations had 
no C0 «stant effect on iso-agglutinin titers. 
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rectal and gingival bleeding became severe. There was progressive reduction of the hemo- 
globin concentrations. The patient was discharged from the hospital June 30, 1948; the 
hemoglobin concentration was 94 per cent, and there was severe bleeding from the gums and 
extensive retinal hemorrhages. In spite of transfusions, bleeding increased and death oc- 
curred at home July 31, 1943. An autopsy was not performed. 

II. S., a 48-year-old white man, was proved to be suffering from chronic glomerulonephritis 
in the nephrotic stage. Treatment consisted of a low salt, high protein diet which was sup- 
plemented with amigen in 54 to 72 6m. doses twice daily. There was little change in the 
total serum protein concentration over a five-week period. The patient was discharged from 
the hospital May 20,1943, and failed to return for follow-up studies. 

OBSERVATIONS 

The twenty normal subjects reported in Table I bad the usual distribution 
of blood types and a range of total protein concentrations within normal limits. 
In this group there was no constant relationship between iso-agglutinin titers 

Table I 


Normal Subjects 


subject 

TYPE 

TOTAL SERUM 
PROTEIN (WI.) 

ANTI'A 

TITER 

ANTI-B 

TITER 

1 (M. D.) 

B 

6.1S 

1:4090 


2 (M. A.) 

0 

C.28 

1:1024 

1:513 

3 (A. B.) 

A 

6.30 


1:1034 

4 (D. 6.) 

0 

0.39 

1:4096 

1:1024 

5 (H. K.) 

A 

0.42 


1:512 

0 (S. M.) 

0 

6.40 

1 :Sl92 

1:8192 

7 (M. M.) 

A 

6.49 


1 :204S 

S (M. L.) 

A 

6.53 


1:16384 

9 (F. L.) 

0 

6.62 

1:4096 

1:204S 

10 (B. 6.) 

O 

0.62 

1:4096 

1:512 

11 (J. K.) 

0 

6.62 

1:8192 


12 (D. B.) 

B 

G.77 

1:2048 


13 (M. S.) 

0 

6.90 

1:2048 

1:512 

14 (N. C.) 

0 

6.97 

1:65536 

1:16384 

15 (M. B.) 

A 

7.0S 


1:16384 

16 (M. W.) 

A 

7.22 


1-.204S 

17 (A. W.) 

A 

6.10 


1:512 

IS (M. S.) 

0 

7.03 

1:4090 

1:204S 

19 (C. H.) 

A 

6.76 


1:2048 

20 (S. D.) 

A 

6.87 


1:512 


subject 


1 (A. C.) 

2 (A. B.) 

3 (L. S.) 

4 (O. U.) 

5 (D. D.) 
0 (P. C.) 

7 (B. C.) 

8 (P. S.) 

9 (B. B.) 


Table II 

Hypoproteinemic Subjects 
Single Observations 


type 

TOTAL SERUM 
PROTEIN 

(gal) 

anti-a 

TITER 

ANTI-B 

TITER 

B 

A 

B 

4.74 

4.97 

5.56 

1:512 

1:256 

1:1024 

O 

O 

A 

5.59 

5.69 

5.71 

1:256 

1:8192 

1:512 

1:1024 

1-.163S4 

A 

A 

O 

5.72 

5.S2 

5.82 

1:2048 

1 -.2048 

1:1024 

1:513 




A STUDY OF STAPHYLOCOCCUS ANTITOXIN TITERS IN NORMAL 

HUMAN SERA 


Dorothy Dixon Seely, M.A., and Paul F. Stookey, M.D., Kansas City, Mo., 
and Noble P. Sherwood, M.D., Laurence, Kan. 

W ITH the frequent therapeutic use of specific antitoxin in acute staphylo- 
coccus infections ancl of toxoid in those cases of chronic manifestations, 
the laboratory is being called upon more and more for determinations of the 
quantity of staphylococcus antitoxin in the patient’s blood serum. To interpret 
laboratory examinations of any kind, it is necessary to know the results of the 
test in normal individuals and to evaluate the pathologic sample accordingly. 
Although an approximate normal value for circulating staphylococcus anti- 
toxin has been known for some time, we felt that it would be expedient and 
worth while to test a large group of sera to establish an average normal 
and also a normal titer range. The purpose of this paper is to present the back- 
ground, the technique, and the results of this problem. 

Early reports of staphylococcal antihemolysin content are not readily com- 
parable because of differences of standards or units employed in the various 
laboratories. The earliest repoi-ts in this country of titrations done to estimate 
staphylococcus antitoxin are those of Bryce and Burnet in 1932. 1 They did 
a series of normal titers on mothers and newborn infants, reporting a wide 
variation in titer; different individuals showing as little as 2 units or as much 
as 650 units, with the majority showing 40 to 160 units. The technique did not 
involve the use of international units and simply used an arbitrary "unit 
value. The authors admitted a technical error in the titer readings of minus or 
plus 20 per cent. Their results showed that the titers of the mothers and the re- 
spective newborn infants were closely similar at birth; the infant’s titer de- 
creased up to the second year when it resumed the adult level where it remained 
until the sixth decade when a slight fall occurred. 

In 1934, Parish, O’Meara, and Clark 2 described an antihemolysin titer tech- 
nique by which 100 rabbits, 100 human beings, 50 horses, and 50 guinea pigs 
were tested. Since no standard antitoxin had been adopted, they chose to im- 
port their data in decimal fractions of a known antitoxin, which could Intel c 
linked with an official standard. Their results wore as follows : 

100 Babbits Titers from .003 to .03 of known K antiserum 

100 Human beings Titers from .003 to .03 of known IC antiserum 

50 Guinea pigs Titers from .003 to .03 of known Iv antiserum 

50 Horses Titers from .003 to .07 of known 1\ antiserum 

McICie, 3 in 1934, reported 36 cases of superficial staphylococcus infections oil 
which antihemolysin titers were determined. No mention was made, lionet er, 
of the technique or ‘‘units’’ employed. 

From the Kansas City General Hospital, Kansas City, Mo., and the Depa 
Bacteriology, University ot Kansas, Laurence, Kan. 

Received tor publication. June 20, 1944. 
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based upon the fact that y s unit of antitoxin in 0.5 c.c. was used for standard, ’ 
or the equivalent of unit in 1.0 c.c. Therefore the dilution was multiplied 
by y 4 or divided by 4. 

RESULTS 

In our group of 500 sera, only 10 or 20 were titered at one time, because 
it was felt that accuracy was sacrificed when larger numbers were handled. 
If the end point appeared to be between adjacent dilutions, e.g., 1 :2 and 1 :4, the 
titer was read between the two, as 1 :3. When the unit reading was below' 1 
unit, it was expressed in decimal fractions of 2 places, c.g. T 1 :3 dilution divided 
by 4 to give a 0.75 unit value. 

Table I gives the results of the titer determinations, showing the number of 
sera with their respective international unit value. 

discussion 

In considering the use and relationship of antitoxin titers for diagnosis 
and therapy, the literature shows many studies on both animals and man. 

AYeiss 11 states that the rate of absorption, as measured by the blood serum 
content of antitoxin after intramuscular injection of antitoxin, is uniform in 
both monkeys and man. The amount of injected antitoxin corresponds uni- 
formly with the serum determinations in cases using both small and large 

amounts of antitoxin. 

The localization and concentration of antitoxin 12 in artificially produced 
areas of inflammation is significant and the use of counterirritants in the treat- 
ment of local infections is therefore indicated. 

The resistance of rabbits to the intravenous injection of staphylococci sus- 
pensions is definitely correlated with the antitoxin content of their scrum. 13 
Increased antitoxin titers decreased mortality rates from 80 per cent in normal 
titered rabbits to 9 per cent in antitoxin-treated ones. Parish and Clark 15 agree 
with these findings which certainly seem to justify more extensive human clinical 
Us c of antitoxin. 

AYith histologic studies on mice immunized both actively and passively and 
then inoculated with staphylococci, the mechanism of immunity with antitoxin 
appears primarily as neutralization of the toxin. 14 Leucocytes survive for 
longer periods in immune animals and continue to phagocytizc the staphylococci 
wore easily in presence of immune serum. 

On human volunteers and patients with staphylococcic infections there has 
wen considerable experimentation, employing staphylococcal toxoid to produce 
active immunization. Dolman, 17 McKie, 3 Murray, 5 Blair and Hallman,” 
AVhitby, 6 Buchman, 10 Longacre, 23 and others have contributed in this field. In 
thirty-six cases of superficial staphylococcic infections, a rise in antihemolysin 
hter is accompanied by a clinical improvement. 3 

Amounts of antitoxin are not markedly different in normal persons and 
m those with chronic superficial lesions like furunculosis. There are varying 
results reported by different workers on the significance of diagnosis and therapy 
W chronic osteomyelitis. It is suggested that strains of staphylococci causing 
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these deep types of infections are of low toxigenieity and of high invasiveness, 
lienee there is little correlation between the antitoxin titer and the progress of 
the disease. 

In another series, 6 toxoid therapy was found to be clinically effective in 
furunculosis, styes, carbuncles, but not in eases of pustular acne and sycosis. 

An interesting comparison of antitoxin production in diabetic and normal 
children, 8 showed delayed production and lowered maximum titers in diabetic 
children. There was also a correlation between the state of diabetic controls 
and antitoxin response: well-controlled diabetic cases responded similarly to 
normal children, and poorly controlled cases showed retardation and lowered 
production. 

The value of passive immunity produced by the injection of antitoxin lias 
been studied as a therapeutic agent. In 104 cases of staphylococcus infections 
treated with antitoxin, 1 ' 24 out of 24 recovered from slun and subcutaneous in- 
fections; 22 out of 32 cases of staphylococcemia from osteomyelitis recovered; 
5 out of 22 hopeless staphylococcemia in adults recovered. Other cases, 18 ' 20 of 
staphylococcemia, and acute osteomyelitis showing favorable response to anti- 
toxin therapy were cited. The fatality of staphylococcemia in 117 cases was 
found to be 91.4 per cent. 21 In a study of 17 cases of the same type treated 
with staphylococcal antitoxin, Stookev and Searpellino reported a 53 per cent 
recovery. Early diagnosis and administration of antitoxin before the toxin gets 
fixed to the tissues are distinct aids in lowering the mortality rate. 

The consensus of these various authors is that, when there is adequate drain- 
age of pyogenic foci, staphylococcus antitoxin is a specific therapeutic agent of 
considerable usefulness. There is no contraindication to its use with other forms 
of therapy, such as blood transfusions, sulfonamides, or bacteriophage. 


SUMMARY 

A technique for determining staphylococcus antitoxin titers in blood serum 
by a hemolytic test has been described. 

An average normal titer has been calculated from a series of 500 normal 
blood samples. 

Reports are cited from the literature which indicate the value of direct anti- 
toxin therapy or toxoid administration. 
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STUDIES ON THE TOXICITY OP GOLD COMPOUNDS IN EATS 


Charles W. Denko, Ph.D.,* and Arthur K. Anderson, Ph.D. 
State College, Pa. 


T HE reports of M0llgaard, 1 Forestier, 2 Towle and Grand 3 Hartfall, Gar- 
land, and Goldie, 4 Sabin and Warren, 6 * 0 and others have created consider- 
able interest in the use of gold compounds for the treatment of tuberculosis, 
lupus erythematosus, and arthritis. However, the frequent, varied toxic 
reactions and occasional fatalities in patients receiving gold drugs have been 
a hindrance to their extensive use. In an effort to find a nontoxic, thera- 
peutically effective drug, investigators have tested a large number of gold 
preparations without discovering one that is completely satisfactory. 

In 1940 Sabin and Warren 6 studied the effectiveness of gold compounds in 
curing an experimental mouse arthritis produced by inoculating mice with a 
pleuropneumonia-like organism. In their work they studied the toxicity of 
several gold compounds, using mice as test animals and using survival or 
death of the animal as an index of toxicity. Obviously this method gives no 
measure of the degree of toxicity in surviving animals. 

In using a similar technique to test the toxicity of gold compounds in this 
laboratory, it was noted that mice receiving sublethal doses of gold salts ex- 
hibited an elevation of the nonprotein nitrogen level of the blood, often to two 
or three times normal values. Prom this it appeared that the nonprotein ni- 
trogen value of the blood might be a better index of toxicity than survival or 
death. However, since a mouse liad to be sacrificed to obtain sufficient blood 
for a nonprotein nitrogen determination, this method could hardly he con- 
sidered satisfactory since it is often desirable to give an animal several doses 
of the drug. In order to eliminate the necessity of sacrificing an animal 
whenever its blood was to he analyzed, rats were used in the experiments re- 
ported here. 

In the following report several gold compounds, some commercial^ available 
and others especially synthesized for this work, have been studied in order to 
obtain information with regard to their toxic reactions. 


GOLD COMPOUNDS USED 

Table I lists the gold compounds used in the following experiments together 
with their formulas and theoretical gold content. Especially prepared gold 

•Present address: Research Laboratories, S. M. A. Corporation, Chagrin Palls, Ohio. 
Prom the Department o£ Agricultural and Biological Chemistry, The Pennsylvania State 

College. taken from a thesis presented to the Graduate School of the PenTisylvanLv 
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compounds were analyzed for gold as an index of purity. These values are 
given together with the method used for the preparation of each prepared 
compound. 

Table I 


Gou> Compounds Used 




1 ’ 1 _ • 

j rrr. cent 

OF GOLD 

METHOD OF 
(PREPARATION 


name 

FORMULA 

TIIEO* 1 
j RETICAL I 

FOUND J 

J. 

3. 

4, 


C a H„0,SAu 

Na,Au(S,O s ) s *2ILO 

Sr(OOCH,SAu), 

50. 

37.4 

59.50 

GO 01 

(I), (8) 

5. 

n-aoiotMo-n-butyric acid 

CU, ( CH a ) CH-COOH 

02 24 

01.40 

(7). (8) 

C. 

Auro-n-propyl xanthate 

SAu 

cn a (CH,) a ocssAu 

59.29 

59.34 

(9). (10) 

7. 

Auro-isopropyl xanthate 
Auro-n-butvl xanthate 

(CH a )aCHOCSSAtt 

59.29 

57.70 

(0). (10) 

8. 

CH,(CH a \OC?SAu 

50.92 

55.73 

(9). (10) 

9. 

Auro-isobutyl xanthate 

(CH,) 3 CHCH s OCSSAu 

50.92 

50.04 

(9). (10) 


’Supplied through the courtesy of the Scltcrmg Corporation, Dloomheld, N J. 

tSupplied through the courtesy of Mr. J. G. Biori 

t Supplied through the courtesy of Crookes Laboratories Inc., Now York, N V. 

SMethod of the American Medical Association.* 1 

TOXICITY OF GOLD COMPOUNDS 

The effects of gold compounds on the nonpvotem nitrogen of the blood 
are given in Table II. The Anderson-llowell 1 ® method was used to determine 
tie nonprotein nitrogen values. Gold sodium thiosulfate was administered 
hi water solution. The colloidal gold was a hydrosol. Water-insoluble stron- 
tium aurotliioglycolate and the auroxanthates were administered intramus- 
cularly in a sesame oil suspension. Since a-aurothio-H-foutyric acid is soluble 
wily to the extent of 54 mg. per 100 c.c. of water at 100° C., it also was ad- 
ministered i n 0 ii suspension. Gold sodium thiosulfate was injected as an 
a, lneous solution. 

Gold sodium thiosulfate is definitely toxic when administered in 5 mg. doses. 
1,1 Animal 23 death occurred on the third day when the blood nonprotein ni- 
tnogen had reached a level of 24S.1 mg. per 100 c.e. In Animal 24 the blood 
nonprotein nitrogen reached a level of 151 mg. on the fourth day but returned to 
normal on the seventh day. In animals receiving less than 5 mg. there was no 
appreciable rise in blood nonprotein nitrogen except in Animal 28, receiving 2 mg., 
n-here a value of 150.1 mg. was found on the second day after injection. This ani- 
nwl returned to normal on the third day. 

tf'Aurothi (Mi-butyric acid was toxic when administered at a 3 mg. level, 
cae animal having a nonproteiii nitrogen level of 339 mg. and dying the third 
%• after injection. On the 5 mg. level one animal died the third day when 
me nonp ro t e i n nitrogen level bad reached 185.4 mg. per 100 c.c. of blood. The 
*“ ree other animals receiving 5 mg. doses had high nonprotein nitrogen values 
tie day after injection. The fifth day after injection two of these were 
essentially normal, while the third had returned to normal the tenth day. 

the case of all the other compounds studied, there was no increase in 
jjonprotein nitrogen level even after doses of 100 mg. in the eases of atiro-n- 
utyi and auro-isobutyl xantbates. 
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' Table II 

Showing Nonprotein Nitrogen of Rat Blood Before and After Injecting Gold 

Preparations 



30 

p 

106 

1 

54.6 

52.S 

44.4 

44.1 

36.9 


29 

p 

139 

1 

39.1 

37.1 

4G.2 

36.6 

43.2 


2S 

p 

139 

2 

39.0 

41.4 

150.1 

42.7 

41.4 


27 

M 

167 

2 

39.4 

46.5 

45.6 

53.2 

48.6 


20 

P 

121 

3 

40.6 

4S.2 

52.2 

39.2 

43.9 


25 

P 

113 

3 

41.0 

42.8 

44.1 

45.3 

45.3 


24 

M 

157 

5 

69.7 

S5.4 

139.6 

149.4 151.0 

42.2 


23 

M 

114 

5 

43.9 

136.4 

156.2 

248.1* 



a-aurothio-n-butyrie acid 

35 

P 

169 

3 

42.4 

90.3 

175.0 

339.0* 



32 

M 

185 

3 

38.1 

35.5 

34.3 

47.4 37.9 



37 

M 

140 

5 

51.9 

90.6 

151.2 

180.9 56.4 


39.7 

30 

P 

167 

5 

51.1 

95.9 

92.9 

131.6 37.3 


43.9 

33 

P 

185 

5 

42.6 

96.4 

151.5 

170.4 192.3 


42.1 

31 

M 

211 

5 

40.4 

131.7 

176.4 

185.4* 



Colloidal gold (Ruby) 

3S 

M 

201 

1.25 

64.2 

39.3 

50.7 

39.1 



39 

P 

177 

2.25 

42.4 

36.3 

37.S 

41.2 



Strontium aurothioglyeolate 

40 

M 

215 

5 

47.4 

36.1 

40.4 

40.4 



41 

M 

202 

14 

33.4 

43.0 

39.9 

41.4 



Auro-n-propyl xanthate 

44 

P 

141 

5 

35.9 

35.9 

35.0 

34.0 



45 

M 

144 

10 

35.1 

30.7 

30.5 

38.9 



46 

M 

241 

15 

46.4 

33.0 

48.3 

34.4 



47 

M 

217 

25 

37.5 

41.1 

41.1 

33.7 



Auro-isopropyl xanthate 

57 

P 

141 

5 

42.0 

35.5 

35.4 

38.1 37.8 



56 

M 

233 

10 

36.7 

39.3 

47.1 

36.1 43.9 



58 

P 

1S6 

15 

39.1 

31.2 

40.0 

37.5 44.6 



59 

M 

238 

25 

37.1 

40.7 

40.4 

40.4 37.4 



Aurora-butyl xanthate 

48 

M 

174 

10 

41.6 

30.7 

37.0 

3G.9 



49 

M 

192 

20 

31.0 

38.0 

44.0 

35.3 



50 

P 

190 

50 

40.8 

40.0 

40.3 

51.5 


38.5 35.3 49.7 

51 

P 

189 

100 

51.0 

30.3 

39.6 

41.7 


Auro-isobutyl xanthate 

52 

P 

203 

10 

40.5 

34.0 

36.3 

42.9 

46.5 


53 

M 

245 

20 

42.3 

39.7 

36.0 

39.7 35.7 

41.3 


54 

P 

1S3 

50 

30.7 

30.7 

35.6 

3S.5 43.2 

38.3 36.8 


55 

M 

240 

100 

31.5 

31.0 

30.9 

36.3 34.9 





•Died. 


The results of this experiment indicate that the toxicity of gold compounds 
depends upon their solubility in water. Gold sodium thiosulfate and «-au- 
rothio-H -butyric acid, which are water soluble, are toxic, whereas colloidal gold, 
strontium aurothioglyeolate, and the auroxanthates, water-insoluble, substances, 
are nontoxic, as indicated by their effects on the nonprotein nitrogen values 
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of tJie blood. If a gold compound is toxic and the animal survives the dose 
irfv?n, the toxic reaction is temporary, the nonprotein nitrogen value of the 
blood returning to normal in from five to ten days after injection. 

THD EFFECT OF TYPE OF CARRIER ON THE TOXICITY OF AUROTIIlOGLtTCOSE 

Some of the compounds iu the previous experiments were administered in 
oil suspensions and some were administered in aqueous solution. Many work- 
ers feel that administration of water-soluble aurothioglucose ns an oil suspen- 
sion makes this compound less toxie than when administered in aqueous solu- 
tion In order to determine the effect of type of carrier on the toxicity of 
aurothioglucose, animals were given intramuscular injections of varying doses 
in oil suspension and in aqueous solution The effects of these injections on 
the nonprotcin nitrogen level of the blood are given in Table 111. 


Table III 

Suownca tuh Effect of Type Carrier os the Toxicity of ArEOTinooLUCosE 







[ NON* PROTEIN NITROGEN IN BLOOD (JfG. PER CENT) 






BE- 1 







ANt- 


weight 

DOSE 


FORK | 



AFTER 

INJECTION 


MAL 


(on.) 

(110.) 


IX- 1 























I 

TJON 1 

i 

1 2 | 

:i 1 

i i 

I i 

15 

1 

F 

141 

Control 

0.9% NuCl 

53.3 

43.3 

50.7 




34 .U 




1.0 e.c. 









10 

M 

185 

Control 

Sesame oil 


51.8 

41.2 

39.8 


44.9 















M 

161 

10 


36.4 

34 7 

40.7 

40.7 


42.9 

44.4 

6 

F 

134 

10 

Oil 

37.7 

GJ.l 

44.3 

50.2 


38.1 


4 

F 

143 

40 


45 3 

14 L0 

109 5 

284.1 


87.8 

44.6 

7 

F 

1G2 

25 

Oil 

55.0 

131.0 

170.5 

260.8* 




3 

F 

170 

50 


51.S 

101.0 

197 5 

151.5 


81.2 

44.2 

8 

M 

180 

50 

Oil 

GO.O 

120.0 

214.2 

205.6 

363.0* 



5 

M 

184 

100 


48.6 

97.8 

268.0 

287.2 

340.0* 



9 

at 

1G9 

100 

Oil 

54.3 

120.0 

238.0 

309.0 


107.5 



•Died. 


Table III shows a comparison of the effect of various doses or aurofchio- 
glucose on the nonprotein nitrogen level of the blootl when administered in 
"■ater solution and in oil suspension. There appears to be little difference in 
, “ e toxicity of aurothioglucose as related to the mode of injection. On the 
25 and 50 nig. levels, aurothioglucose appears to be more toxic when admin- 
istered in oil than when administered in water solntion, as indicated by the 
death of both animals receiving the oil suspension. On the iO and 50 mg. 
levels in water solution botli animals survived and were back to normal the 
fifteenth day. However, on the 100 mg. level death occurred in the animal 
receiving the water solution, whereas the animal receiving the oil suspension 

survived. 


TOXICITY OF a-AUROTHIO-n-BUTYBIC ACID, DUE TO GOLD ATOM 
In order to prove that the toxicity of gold compounds was due to the pre- 
sence of gold, animals were given injections of a-tliio-ii-bntyric acid and later 
“•aurothio-n-butyrie acid. The effects of these compounds on the nonprotein 
nitrogen level of the blood are given in Table IV. 
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Table IV 

« 

Toxicity of a-AuKOTino-n-Bu'm-Jc Acid Due to Presence of Gold Atom 


ANI- 

MAL 

SEX 

"WEIGHT 

(GM.) 

a-THiO-*n 

BUTYRIC 

ACID 

(MG.) 

NONPKOTEIN NITROGEN IN 
BLOOD (mg. per cent) 

a-AUKO- 
THlO-tt- 
BUTYRIC 
ACID 1 
(MG.) 1 

NONPROTEIN NITROGEN IN BLOOD 
(MG. PER CENT) 

| BEFORE ’ 
INJEC- 
i TION | 

DAYS AFTER IN- 
JECTION | 

DAYS AFTER INJECTION 

1 A 1 

2 1 

3 1 

1 1 

2 | 3 | 5 11 0 

31 

M 

201 

50 

36.9 

41.3 

47.8 

40.4 

5 

131.7 

176.4 185.4* 

32 

M 

181 

25 

4S.4 

41.4 

38.1 


3 

35.5 

34.3 47.4 37.9 

33 

F 

174 

10 

47.2 

37.9 

39.7 

42.6 

5 

96.4 

151.5 170.4 192.3 42,1 

34 

F 

174 

0.50 c.c. 

48.0 

45.4 

37.8 

39.7 

0.50 c.c. 

41.4 

42.3 42.3 43.9 




0.9% 





oil 






NaCI 









’Died. 


Table IY indicates that a-tliio-n -butyric acid, when administered in doses 
up to 50 mg., is nontoxic. When this is followed in the same animals by 
doses of 5 mg. of a-anrothio^n -butyric acid, definite toxicity results as indi- 
cated by a rise in blood nonprotein nitrogen values, and in one case by the death 
of the animal. It is evident from this that toxicity is due to gold. 

DEVELOPMENT OF TOLERANCE TO AUROTHIOGLUCOSE AND GOLD SODIUM THIOSULFATE 

Cortell and Richards 13 ' 14 studied the development of tolerance to gold salts 
in rats, using the survival method. The}' showed that rats given subletlial 
doses of gold sodium thiosulfate and of gold sodium thiomalate could toler- 
ate ordinarily lethal doses of these compounds subsequently administered. 
They also showed that a rat which had developed tolerance to gold sodium 
thiomalate was also tolerant to gold sodium thiosulfate. 

The results presented in Table V show the effects of repeated doses of au- 
rothioglucose and of gold sodium thiosulfate on blood nonprotein nitrogen 
values. Rats given doses of 40 and 50 mg. of aurothioglucose showed a decided 
rise in blood nonprotein nitrogen values which returned to normal the fifteenth 
day. When the doses were repeated on these animals, blood nonprotein ni- 
trogen values remained normal. A third dose of 75 and 100 mg. also showed 
no appreciable rise in the blood nonprotein nitrogen value. Animal 2, given 
an initial dose of 10 mg., a second dose of 20 mg.," and a final dose of 50 mg., 
showed little change in blood nonprotein nitrogen values. 

The results obtained with gold sodium thiosulfate although similar to those 
obtained with aurothioglucose are not as consistent. Seven rats were given 
initial doses ranging from 1 to 5 mg. Only two animals showed a rise in 
blood nonprotein nitrogen values, the one receiving 2 mg. and the other 5 mg- 
As a second dose each animal was given 5 mg. Apparently an initial dose of 1 
mg. did not protect the animal since both of these animals died after the 5 mg- 
dose. Even initial doses of 2 and 3 mg. showed slight protection since in all 
cases the blood nonprotein nitrogen values were high, and in Animal 26, which 
had received an initial dose of 3 mg., death occurred. An initial dose of 5 mg. 
apparently protected the animal because there was little rise in the blood non- 
protein nitrogen value after the second dose of 5 mg. 

The four surviving animals were each finally given a 10 mg. dose. All 
animals survived and blood nonprotein nitrogen values were approximately 
normal on the seventh day after injection except in Animal 28. Animal & 
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Table V 


Showing Development op Tolerance to Aurotiiioglucose and Gold Sodium 
Thiosulfate 


ANIMAL 

SEX 1 

WEIGHT 1 

OM. i 

; 

1 

; 

| NONPROTEIN 

NITROGEN IN BLOOD 

(MG. PER CENT) 

BE- 

FORE 

injec- 

tion 


DAYS AFTER 

INJECTION 



i 

2 

3 

4 

7 

9 

15 

AUROTHIOGLUCOSE 




1st Do so 












mg. 









1 

F 

141 

1 c*c. NaCl 

53.3 

43.5 

50.7 





34.0 

2 

M 

1(31 

10 

30.4 

54.7 

40.7 

40.7 


42.9 


44.4 

3 

F 

143 

40 

45.3 

141.0 

109.5 

1S4.1 


87.8 


44.G 

4 

F 

170 

50 

51.8 

101.0 

197.5 

151.5 


S1.2 


44.2 




2nd Dose 









1 


150 

0.5 c.c. Nil Cl 


(30.8 

49.4 

51.1 



56.4 

2 


219 

20 


47.1 

41.7 

53.0 



52.4 

3 


155 

40 


49.8 

39.1 

44.2 



49.9 

4. 


175 

5Q 


44.7 

42.2 

48.4 



53.8 




3rd Doso 












mg. 









I 


108 

1 c.c. NaCl 


4S.7 

50.7 






2 



50 


51.9 

44.8 

54. G 





3 


159 

75 


4S.9 

41.(3 

47.5 





4 


187 

100 


50.7 

47.4 

52.4 






GOLD SODIUM THIOSULFATE 





1st Dose 






29 

F 

139 

1 

39.1 

37.1 

4G.2 

36.0 

43.2 

30 

F 

10G 

1 

•54.0 

52.S 

44.4 

44.1 

36.9 

27 

M 

1G7 

2 

39.4 

40.5 

45.0 

53.2 

48.G 

28 

F 

139 

2 

39.G 

41.4 

150.1 

42.7 

41.4 

25 

F 

113 

3 

41.0 

42.8 

44.1 

45.2 

45.3 

26 

F 

121 

3 

40.G 

48.2 

52.2 

39.2 

43.9 

24 

M 

157 

5 

09.7 

85.4 

139.0 

149.4 

42.2 




2nd Dose 






29 


149 

mg. 

5 


150.0 

207.2 

280.0* 


30 


120 



94.2 

174.0 

240.0* 


27 


107 

5 


123.G 

42.4 

54.5 

49.4 

28 


139 

5 


104.8 

116.2 

153.8 

100.0 

25 


133 

5 


117.8 

119.5 

100.0 

84.8 

26 


141 

5 


80. 0 

209.0 

175.0 255.G* 


24 


157 

5 


78.3 

47.1 

39.4 

49.8 




3rd Dose 






27 


214 

mg. 

10 


92.7 

78.9 

03.1 

55.7 

28 


14G 

10 


137.4 

197.8 

255.4 

159.0 

25 


138 

10 


162.4 

95.0 

03.1 

48.1 



193 

10 


105.2 

132.2 

85.0 

44.1 


♦Died. 


appears to have been exceptionally sensitive to gold since the initial dose of 2 
m S- produced an appreciable rise in the blood nonprotein nitrogen value. 

Tiie results of these experiments indicate that rats become more tolerant 
to gold compounds after having received sufficiently large initial doses of 
them. 

DEVELOPMENT OP CROSS-TOLERANCE 

Animals that had received aurothioglucose were injected with gold sodium 
thiosulfate and later with a-aurothio-n-butyrie acid. Animals that had re- 
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ceived gold sodium thiosulfate were injected with aurotliioglucose and later 
with a-aurothio-u-butyrie acid. Animals that had received auroxanthates were 
subsequently injected with aurotliioglucose. The changes in the nonprotein 
nitrogen values of the blood following these injections are presented in Table 
VI. 

Table VI 


cross-tolerance studies 





GOLD 

SODIUM 

THIO- 

SULFATE 

(MG.) 

NONPROTEIN NITROGEN IN BLOOD 
(SIG. PER CENT) 

a - 

AURO* 

thio- 

NONPROTEIN NITROGEN IN 
BLOOD (MG. PER CENT) 

ANI- 
MAL | 

SEX 

o 

o 

i w 

j 

BEFORE] 
IAVEC- 
, TION 

DAYS AFTER INJECTION 

11- 

BUTY- 

Rrc 

ACID 

DAYS AFTER INJECTION 



is 



1 2 3 5 9 

(MG.) 

12 3 7 

Aurotliioglucose*-gold sodium tliiosulfate-a: aurotliio-n-butyrie acid 

3 

F 

1S1 

10 

52.4 

9S.0 7G.9 49.6 42.7 

10 

62.1 41.8 44.6 40.0 


Gold sodium thiosulfatet-aurotliioglueose-a-aurotliio-n-butyric acid 


Auro- 

thio- 

glucose 

(mg-) 


27 M 1S3 

100 

55.7 

49.9 S7.3 50.0 

10 61.1 55.8 43.1 


Auro n-propyl xantliatef -aurotliioglucose 


45 

M 

15S 

100 

34.0 38.2 42.1 39.9 42.8 


Auro-u-butyl xanthatet -aurotliioglucose 

49 

M 

214 

50 

35.3 50.6 51.7 56.6 


Auro-isolmtyl xanthatet -aurotliioglucose 

52 

F 

213 

100 

46.5 49.3 5S.3 


Auro-isopropyl xanthatef -aurotliioglucose 

58 

F 

179 

50 

44.6 77.0 112.S 125.0 


Controls — aurotliioglucose 




iHLH 

49.4 102.3 132.4 






39.3 164.8 170.5 



♦See 

Table 

II for 

effects of original doses. 



fSee Table I for effects of original doses. 

Animal 3, which had originally received a dose of 50 mg. of aurotliioglucose 
and whose blood nonprotein nitrogen value had reached 197.5 mg. per cent 
two days after injection, tolerated a 10 mg. dose of gold sodium thiosulfate. 
The blood nonprotein nitrogen value reached 98.0 mg. per cent one day after 
the gold sodium thiosulfate was given. Later this animal tolerated a 10 mg. 
dose of ff-aurothio-n-butyric acid with very little rise in the blood nonprotein 
nitrogen value. Ten milligram doses of gold sodium thiosulfate and a-auro-ti- 
butyric acid given to a normal rat are usually lethal. 

Animal 27 originally received 2 mg. of gold sodium thiosulfate with little 
subsequent l'ise in blood nonprotein nitrogen values. When later given 100 
mg. of aurotliioglucose, the blood nonprotein nitrogen value rose to 87.3 mg- 
per cent three days after injection. Later this animal tolerated 10 mg. of 
a-aurothio-n-butyric acid with little rise in blood nonprotein nitrogen values- 
As indicated in Table II, auroxanthates, even when given in 100 mg. doses, 
showed no toxicity as indicated by blood nonprotein nitrogen values. How- 
ever, animals which had received auroxanthates show tolerance for suhse- 
quentlv administered aurotliioglucose, as indicated in Table VI. Whereas 
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50 ami 100 mg. doses of aurothioglucose show marked rises of blood nonpro- 
tein nitrogen values when given to normal animals, very little rise in blood 
nonprotein nitrogen values is noted when these doses are given to animals 
previously given au roxaut hates. Of the auroxanthntes studied* auro-isopropyl 
xanthate appears to he the only one that did not protect the animal against 
the toxic effect of subsequently administered aurothioglucose. Although the 
therapeutic value of auroxanlhates has not been demonstrated, their effect in 
desensitizing animals is clearly demonstrated. 

IHSTOPATIIOLOfilC .STUDIES 

Cortcll and Richards 1 * have found severe kidney damage in rats receiving 
gold sodium thiosulfate. Brown. Haleoby, and Schamberg, 13 in a study on 
rabbits, reported that marked injury to the kidneys may take place before 
definite blood changes occur. Block, Buchanan, and Freyberg 10, 17 have re- 
ported finding gold in the kidneys and other organs of the body following ad- 
ministration of various gold drugs. 

Iu the studies here reported, autopsies were performed on nil animals Histo- 
pathologic studies of the kidney were made on several representative animals 
by Dr. W. T. S. Thorp, of the Animal Pathology Laboratory. 

Insoluble gold, compounds were found largely imabsorbed at the site of in- 
jection for as long as two weeks after administration. No evidence of the pres- 
ence of tlie soluble compounds was noted. Nephritis was noted in most cases 
studied histologically. In all cases of nephritis a high blood nonprotein ni- 
trogen value was noted. However, kidney damage was not observed in all 
cases where a high nonprotein nitrogen value occurred. From this it would 
appear that blood nonprotein nitrogen values serve as a more sensitive index 
of toxicity than the liistologic study of the kidney. 

SUMMARY 

1. Tlie nonprotein nitrogen value of the blood has been used in determining 
tbc toxicities of several commercial ami experimentally synthesized gold 
compounds. 

2. The water-soluble compounds, gold sodium thiosulfate, aurothioglucose, 
am * slightly soluble a-aurothio-n -butyric acid, were found to be toxic. 

3. The water-insoluble compounds, colloidal gold ami an ro-a -propyl, auro* 
^opropyl, auro-Ji-bntyl and auro-isobutvl xant hates, were found to be nontoxic. 

d. The toxicity of <r-aurothio-«-butyric acid was found to he due to the gold 
portion of the molecule. 

5* Tolerance and cross-tolerance to gold compounds were developed in 
animals. 

G. High blood nonprotein values were always found where tissue changes 
indicating kidney damage had occurred. In some eases high blood nonprotein 
mtrogcu values occurred where there was no evidence of tissue change. 
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COMPOUND 


9-Aminoaciicline 


9-Annnoacridine 

hydrochloride 


9-Aminoacridine 

sulfamate 


3-Chloro-7-methoxy-9-ainmo- 
acridine hydrochloride 


3-Cldoro-7-methoxy-9-(4- 
diethylaniinobutylaiuino) ■ 
acridine dihydrocliloride 
trihydrate 


MOLECULAR 

WEIGHT 


194.2 


230.7 


291.3 


295.2 


512.9 


STRUCTURAL FORMULA 



\/w 


NH-.HOSO.Nir, 


Wv 

NH..HC1 


CH 5 0- 


-CI 


N/VV'- 

HNCH.Crr.CH.CH.iV ( C;H S J : 


CH,0 — ( 


WV - C1 


.2H01.3H.0 


utes. After cooling, normal sterile horse serum was added to the tubes contain- 
ing the veal-dextrose broth to a concentration of 1 per cent. 

Preliminary solubility studies showed 9-aminoacridine and 3-chloro-7- 
methoxy-9-aminoacridine hydrochloride to lie but slightly soluble in water. These 
compounds were dissolved, therefore, in a few c.c. of ethyl alcohol preparatory 
to making the initial broth dilution. The greatest concentration in which the 
latter compound would remain in solution completely was 1 : 8 , 000 . 

A preliminary test on an aqueous solution of 3-chloro-7-methoxy-9-(4-di- 
ethylaminobutylamino)-acridine dihydrochloride trihydrate revealed that it 
lost approximately 50 per cent of its activity upon autoclaving. For this reason 
a 1 per cent aqueous solution of the compound was sterilized by Berkefeld filtra- 
tion. Subsequent serial dilutions from the stock solution were prepared asep- 
tieally in sterile broth. 

The highest drug concentration of all the acridines studied did not alter the 
original pH of the broth media. Suitable control demonstrated that the small 
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ACRIDINE COMPOUNDS 
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LABORATORY METHODS 


Q ENERAL 


FACTORS INFLUENCING THE ROMANOVSKY STAINING OF BLOOD 
FILMS AND THE ROLE OF METHYLENE VIOLET 

R. D. Lime, 5ID* 

Bethksda, Md. 

T HE enpriciousncss of Wright’s stain ami its variations in staining from 
one sample to another have long been a matter of concern to hematologists. 
Many variations in technique of using the stain have been suggested, but it 
lias still been necessary to determine the beha\ ior of each new sample before 
consistent results could lie obtained. Some samples do better with relatively 
longer “fixation” time before dilution, some with shorter staining time, and 
some with longer staining time after dilution. Some tolerate greater dilutions 
and give superior performance with them ; others are ineffective under these 
conditions. 

There are, furthermore, considerable variations in the color values at- 
tained. Samples resembling .Tenner’s stain give from light to fairly deep blue 
nuclei, blue lymphocyte cytoplasm, and good neutrophile and eosinophile 
granule stains but fail to stain the chromatin of blood protozoa. Then there 
are stains giving from deep violet to reddish purple chromatin, blue lympho- 
cjde cytoplasm, perhaps less brilliant eosinophile granules, and good ncutro- 
l'hiles. A third group is recognized which gives deep red-purple chromatin, 
from gray to lilac lymphocyte cytoplasm, and less well-stained eosinophile 
granules. Generally speaking, stains of the second class are preferable both 
for blood morphology and for parasite identification ; the third class will serve 
and the first group is inferior. 

The color of the red corpuscles can vary from gray-green to bright orange- 
Pink, but it is now generally recognized that any desired shade may be at- 
tained by adjustment of tlie pH of the diluting water. For instance, pH 7.0 
gives gray or faintly orange-pink corpuscles, pH 6.8 more pink, 6.2 to 6.0 
bright pink with decrease in intensity of nuclear staining; 6.5 or 6.4 is pre- 
ferred by many. 

The color variations in nuclear and cytoplasmic staining are fairly clearly 
associated with the composition of the basic component of the Romanovsky 
stain. Azure A tends to give deep red-purple chromatin and gray cytoplasm. 1 ' 1 
Sam Ples in which azure A predominates give absorption spectra with maxima 

•Senior Surgeon, TJ. S. Public Health Service. 

p rom the Pathology Laboratory. National Institute ol Health. 

Received for publication, Aug. 29, 1941. 
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around 620 to 630 mg. Azure B gives blue cytoplasm, a more violet-purple 
chromatin stain, and an absorption maximum around 645 m y. An increase 
in the proportion of methylene blue alters the color of chromatin staining 
progressively toward deep blue, and as the amount of azure further decreases, 
the characteristic light blue nuclear staining of Jenner’s stain is reached; the 
absorption maximum then approaches 665 my. 

The problem of qualitative composition of a Romanovsky stain is primarily 
one for the manufacturer rather than for the hematologic technician, since 
few users now manufacture their own stain. In the past, very wide variations 
have occurred in successive samples from the same manufacturer. Successive 
batches from manufacturer C gave absorption band medians at 658, 654, and 
621, 655 and 657, 654 and 656, 657, 657, and 659 my; from manufacturer A, 
at 618, 655, and 654 ; from manufacturer B, at 624 and 621 ; from manufacturer 
L, at 658 and 660, 660, 659, 661, 656, 654, 655, 652, and 657, 655 and 657, 655, 
656, and 658 and 659 ; and from manufacturer N, at 631 and 633, 640 and 655, 
638 and 650, 634 and 643, 653 and 628, 652 and 656, 634 and 638, 633 and 657, 
646 and 652, 654 and 657, and 652. Attempts to make samples in the labora- 
tory by Wright’s method gave even wider variation in results: 618, 618, 651, 
and 629 my. Spectrograpluc control .aids in attaining greater uniformity, and 
greater uniformity has been noted in the more recent commercial samples since 
the suggestion that it be used was published in 1943. 3 

The selection of the proper range of composition for a Romanovsky stain 
for clinical laboratory use is not entirely a matter of personal preference in 
color values, as might be assumed from the above. It has been shown 1 ’ 5 that 
the stock solutions of the eosinates of methylene blue and the azures in meth- 
anol, methanol + glycerol, and other solvents undergo progressive alteration 
in the direction of formation of lower azures and methylene violets. This 
change is faster in some solvents than others, perhaps as fast in methanol as 
in any, slowest in equal volume mixtures of glycerol-methanol and glycerol- 
ethanol. It is accelerated markedly by small amounts of alkali in methanol, 
retarded by acid. The presence of acid, however, disturbs the eosin-thiazin 
balance, so that on dilution with water the eosin is thrown out as color acid. 
It further appeared that thiazin eosinates composed chiefly of methylene blue 
and azure B eosinates remained usable far longer after solution in methanol - 
than those in which azure A was the dominant thiazin component. 

Since continued experience showed that thiazin eosinates made by the 
Wright 0 process continued to give results which varied from lot to lot, it was 
determined to explore the possibility of substituting MacNealV’ 6 acid chro- 
mate process as modified by Holmes and French 1, and by me 10 ’ ” for making 
azure B eosinates for the traditional sodium bicarbonate process. This latter 
is, properly speaking, a sodium carbonate process, since the reaction is carried 
out in Wright’s method at about 95 to 98° G, well above the 80° C. point, 
at which NaHCO, breaks down to Na 2 C0 3 and CO,. 

Since it had been found previously 10 that medicinal methylene blue of So to 
90 per cent dye content required about 250 mg. of K,Cr.,0 , per gram to con- 
vert it to a crude azure B (absorption band median about 647) and that 106 
m<r o a ve an absorption band median about 658, it was determined to ma ce 
a series of polychrome methylene blue samples by boiling 5 Gm. lots of met hr- 
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lene blue twenty minutes in 300 e.e. of approximately 0.2 IF sulphuric acid 
with 150 nip:, potassium bichromate per gram dye. These were then cooled 
to 10° C. and neutralized by the cautious addition of sodium bicarbonate in 
precalculated amount (10.5 (1m., a little in excess of the 10 08 Gin. theoretically 
required). To each portion was then added 80 e.e. of 5 per cent eosin Y 
(NE-19) with constant shaking. After some hours the precipitates were re- 
moved by filtration through a Buchner funnel, rinsed with two 50 e.e. portions 
of distilled water and one 25 e.e. portion of 95 per cent alcohol Precipitates 
were then dried on a warm plate at about 35° ('. Eight lots of methylene blue 
from three manufacturers were thus used XA-15. XA-H), XA-24, LA-7, LA-11, 
CA-24, and CB No. 430S35 and Xo. 480843. 

As the first of the eight was precipitated in two fractions in determining 
just how much eosin to use, there resulted nine lots of eosinate. As estimated 
from the absorption spectra in accordance with previously published tables,” 
these ranged from 21 to 28 per cent azure B to from 7!l to 72 per cent methy- 
lene blue as eosinate. The medians of (he absorption bands 2 were 656 and 
659 nip for the divided lot : 058. 058, 058. 058, 000, 509, and 659, respectively, 
for the nine lots. 

These were severally dissolved in methanol at 150 mg. per 100 e.e. After 
three days with periodic shaking these were tested by staining methanol-fixed 
rat blood films containing numerous Trypanosoma cquiperdum. Mixtures of 
stain and of water buffered to pi I 0.5 in proportion of 1:2 (measured in cubic 
centimeters with graduated serologic pipettes, not by drops) were made and 
films were stained 3 and 5 minutes on the slide Blue-violet to violct-purplet 
nuclei and blue lymphocyte cytoplasm were obtained with all, and all nine 
stains were deemed satisfactory. Samples of the dry stain powders were 
submitted also to two other observers. One of these used "Wright 's' 3 earlier 
directions of 300 mg. dry stain per 100 c e. methanol and obtained quite satis- 
factory results with all samples tried. The other used Conn’s 14 directions of 
100 mg. in 60 c.c. methanol, and a drop-for-drop dilution witli water at pH G.5, 
and obtained quite variable results. Two were considered very good; 3, good; 
2, fair; and 2, poor. However, a second series of six samples from a single 
lot of polychrome methylene blue eosinate submitted to this same observer 
under code gave equally discordant results: 2, veiy good; 1, good; 2, fair; 
and 1, poor. Hence the variability of this observer’s results would seem to be 
due to factors other than the dye itself. Discussion of possible factors involved 
will be reserved for a later point. 

To determine whether a less blue tone for nuclear chromatin would he 
desirable, a second series of polychrome methylene blues were made by the 
same method, except that the potassium bichromate was increased to 200 nig. 
tier gram methylene blue, and eosinates ivcre prepared as before. Seven lots 

medicinal methylene blue and one of the double zinc chloride were used: 
^-24, M No. 41930, M No. 32718, NA-14, NA-8, NA-12, CA-21. and NA No. 
97S1 (ZnCL). Medians of the thinzin absorption bands fell at 653, 651, 651, 
651, 65 1, 649, 650 and 651, Methanol solutions were made at 300 mg. per 100 e.e. 

•1.1$ per cent hy vo i unie or concentrated acid, specific gravity 1.84. 95.5 per cent. 
v *olet The word purple is used In this paper to designate a color between red and spectra! 



1184 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


by shaking at intervals for three days. Three-minute stains on the slide with 
mixtures of 1 part (0.8 c.c.) stain and 2 parts (1.6 c.c.) water buffered to 
pH 6.5 gave uniformly excellent staining of leucocytes and trypanosomes. 
Dilutions of 1 part (4 c.e.) stain to 9 parts (36 c.c.) buffered water in a coplin 
jar gave similarly uniformly good stains in 20 minutes. 

Another series of eosinates was made by the same technique from five 
samples of methylene blue furnished by the National Aniline Division, four 
of the ZnClo double salt (methylene blue BB) and one medicinal, using again 
200 mg. K 2 Cr„0 7 per gram. The methylene blue BB samples yielded eosinates 
with absorption band medians at 649, 647, 648, and 646, approximately in the 
same range as medicinal methylene blue samples heated with 250 mg. K,Cr,,0 ; 
per gram. 10 The medicinal methylene blue gave a median at 650.5, agreeing 
with the previous set. 

Stock solutions of all were made in. equal volumes of glycerol and meth- 
anol at 600 mg. per 100 c.e., and rat trypanosomiasis films were first fixed in 
methanol and then stained for varying periods in a 1:25 dilution in water 
buffered to pH 6.5. With all five samples, leucocytes were overstained and 
excellent details of trypanosome morphology obtained with an hour’s staining; 
30 minutes gave satisfactory, though less intense, staining of trypanosomes 
and excellent blood cell staining in all. Blood cells were quite well stained 
in from 10 to 15 minutes. These samples, made with no special precautions 
from the commercial methylene blue BB (2C 10 H ls N a SCl -ZnCl„ TLO), were in 
no way inferior to those made from medicinal methylene blue (C 10 H 18 N 3 SCI), 
the only difference being due to the lower dye content consequent on the pres- 
ence of 1 molecule of ZnCl 2 (MW:136.3) and 1 molecule of water (MW:18) 
for each 2 molecules of methylene blue (MW :319.7), a proportion of 80.5 per 
cent methylene blue. The chemical data are derived from the Colour Index} 5 

It was previously observed on several occasions that Romanovsky staining 
was unsatisfactory in coplin jars when the same proportions of stock methanol 
solution and buffered water were used as give satisfactory stains on the slide. 
Hence, it was decided to explore further the limitations imposed by the final 
concentration of methanol in the diluted stain. 

Two lots of ployclirome methylene blue eosinate, both made by the fore- 
going acid chromate process, were used in stock methanol solution, 44 D at 
300 mg. per 100 c.c.; the other, 44 B, at 150 mg. per 100 c.c. Rat trypano- 
somiasis blood films were previously fixed from 2 to 3 minutes in methanol 
and stained in coplin jars for varying intervals. Into each of seven jars were 
placed 4 c.c. of stock stain. In the first, 36 c.c. water were added; in the 
second, 1 c.c. methanol and 35 c.c. water; in the rest, 2, 3, 4, 5, and 6 c.c. 
methanol with water to make 40 c.c. total as before. This gave final methanol 
percentages ranging by 2.5 per cent steps from 10 per cent to 25 per cent. 
All jars were covered during staining. With both samples placed in the first 
and second jars (at 10 and 12.5 per cent methanol), excellent and good stain- 
ings were attained respectively in 1 and 2 hours, quite good and fair in 30 
minutes. The same grade of staining with each sample was attained in 2 hours 
at 15 per cent methanol, but staining in 1 hour was inferior. Fair staining 
only could be obtained in 2 hours at 17.5 per cent methanol, and in from 
to 25 per cent methanol, nuclei remained pale blue even with 2 hours’ staining. 
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It would appear that the upper limit for methanol concentration in coplin jar 
staining was between 12.5 and 15 per cent. 

In the last series the stocl; solution containing 300 mg. per 100 e.e. gave 
consistently better results than that containing only 150 nig. per 100 e.c. This 
indicates that the final concentration of 0.15 mg. per cubic centimeter is too 
low to he effective in from 1 to 2 hours’ staining, while 0.3 mg. per cubic centi- 
meter gives good results in 30 minutes and excellent in 1 hour. 

Since the concentrations of methanol in staining blood films in the usual 
manner are initially far higher than those which permit staining in a covered 
jar, a series of tests was made to sec whether prevention of evaporation or its 
acceleration would influence staining on the slide. Dilutions were 1 part 
(0.8 c.c.) of stain and 2 parts (1.6 e.c.) of water and 1 (0.6 c.c.) of stain and 
3 (1.8 c.c.) of water, buffered as usual at pll 6.5. Stains done in the open with 
or without an electric fan blowing were satisfactory, but when staining was 
(lone in the same manner under a bell jar, where the atmosphere was previ- 
ously saturated with methanol vapor, cell nuclei remained pale blue. 

Another series was done at a 1 part stain to 3 parts water dilution of 
another acid chromate (200 mg. per gram), polychrome methylene blue eosinate 
(44P). Rat trypanosomiasis blood films were first fixed in methanol for from 
2 to 3 minutes immediately after making Then they were stained 2, 3, 5, and 
8 minutes. In one series, 0.5 c.e. stain (300 mg. per 100 e.c.) was deposited on 
the slide, and 1 minute later, 1.5 c.c. water buffered to pH 6.5 were added, 
■while in another series stain and buffered water were first mixed in a test tube 
and then deposited on the slide. This second series generally showed better 
and more uniform staining than the first. 

In some of those preparations mixed on the slide, mixing was accomplished 
hy rocking the slide, in some by a gentle air stream, both moist and dry air 
being tried. Little difference was apparent among these. Some films were, 
stained in quiet air with doors and windows closed ; others, with an electric 
fan blowing directly across the staining rack. This again made little evident 
difference. However, placing the films on a warm plate at 37° C. during 
staining accelerated it somewhat and definitely increased the intensity. One 
repetition of the methanol moist chamber experiment gave only pale blue 
nuclei; another gave fairly good results. This chamber was not designed to 
maintain saturation particularly well, so the one successful stain of the three 
trials is probably significant rather of a lowered methanol vapor content of 
the air in the chamber than of a negation of the other two experiments. 

Since sharper nuclear staining and more vivid color contrasts are obtain- 
able by Giemsa type stains than by the usual 'Wright stain, it was determined 
t° try this lot 44F also in glycerol-methanol stock solution at 1:24 and 1:49 
dilutions. To estimate the proper dye content for such a stock solution, 50 c.c. 
Quantities of an equal volume mixture of methanol and glycerol were placed 
ln eac h of twelve bottles and to these were added, respectively, 1.0, 0.9, 0.8, 
df. 0.6, 0.5, 0.4, 0.3, 0.25, 0.2, 0.15, and 0,1 Gm. of polychrome methylene blue 
eosinate 44P. When dilution (d) x optical density (D) at both the absorption 
maxima, thiazin and eosin, were plotted against milligrams per cubic centi- 
meter of dry dye placed in the solvent, graphs were obtained which formed 
straight lines from 0 to 8 mg. per cubic centimeter. At 8 mg. per cubic centi- 
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meter, d x D — 5S0 for the thiazin, 520 for the eosin. Beyond those points, 
d x D values were irregular, and less than predicted from the graph of lower 
values, reaching maxima of 764 and 705, respectively. Assuming that these 
maxima represent saturation values, the straight line graphs intersect the 
horizontals for these saturation values at 10.9- and 10.9+ mg. per cubic centi- 
meter, respectively, for the thiazin and eosin graphs, a very close agreement. 
It would seem to be indicated from these figures that at the temperatures of 
25+° C. then prevailing, equal volumes of glycerol and methanol will dissolve 
nearly 11 mg. of this polychrome methylene blue eosinate per cubic centimeter 
of solvent. 



0 5 JO 15 20 MG/CC. 


Fiff. 1. 


All of these stains were tested by staining rat trypanosomiasis blood films 
in coplin jars at 1 :49 dilution at pH 6.5 for varying periods. The solutions 
in which 0.8 per cent dye or more was used all gave excellent results for both 
leucocytes and trypanosomes in 30 minutes. The three with thiazin dilution x 
density (d x D) values above 700 gave excellent results in 10 minutes; the two 
with d x D values between 600 and 700 required 15 minutes ; those with dxD 
between 500 and 600 required from 20 to 30 minutes. 

With concentrations from 0.8 per cent down, the d x D values corres- 
ponded to the amount of dye added. The 0.6 per cent solution required 3U 
minutes at 1:24 dilution or 1 hour at 1:49 for excellent results; the 0.5 pci 
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cent the same; the 0.4 pci- cent, 4 hours at 1:49 or 30 minutes at 1:24; the 
0.3 per cent was ineffective at 1 :4i), but stained well at 1 :24 in from 1 to 2 
hoars; and the 0.2 per cent was inferior in 2 hours at 1 :24 but gave excellent 
results at 1 :9 in 20 minutes. 

It lias been observed that 1 :24 and 1 :49 dilutions of from 0.8 to 1.0 per 
cent glycerol-methanol solutions of eosinates of methylene blue polychrome:! 
hy the acid chromate process are fairly stable and often can be used for a 
second hatch of slides after a first has been stained. Accordingly, successive 
lots of six slides were stained at 30-minute intervals in a single 50 c.c. lot of 
a 1:24 dilution of 1 per cent glycerol-methanol solution of polychrome methy- 
lene blue eosinate 44F. Of these, two slides were stained 10 minutes, two for 
15 minutes, and two for 20 minutes. In a)], seventy-eight slides were thus 
stained over a period of 7 y* hours. Of these, the host were the first two 
stained 20 minutes, hut quite acceptable stains were obtained with 20-minute 
staining up fo file fifth group. Longer staining probably would have given 
better results, but the 30-minute interval for starting a fresh lot did not permit 
this. This gradual loss of staining power is due both to exhaustion of stain 
and to spontaneous weakening of the solution by precipitation. A similar 
batch of stain used for staining after 7 hours’ standing without being used 
gave better results than that in which seventy-two .slides had been stained 
before, hut the results were definitely inferior even to the seventh set stained 
in the 3-hour-old solution after thirty -six previous slides. 

Following these experiences, attempts were made to apply the method of 
staining with a 1:24 dilution of a 1 per cent glycerol-methanol stock solution 
to commercial samples of Wright’s stain. Stork solutions were thus prepared 
of lots AWr-2 anti AWr-3. One set of rat trypanosomiasis blood films were 
stained 5, 7.5, 10, 15, 20, and 30 minutes in 1 :24 dilutions, then another in 1 :9 
dilutions. Pale blue nuclei, failure to stain parasite chromatin, and slight and 
much precipitation, respectively, resulted in both trials. Parts of the 1 per 
cent stock solutions were then diluted with 4 volumes of methanol to 0.2 per 
cent, and othe|- films were then stained on the slide in the usual way with 
0.5 c.e. dilute stock stain to 1.5 e.c. buffered water. Good results were obtained. 

In search of a possible explanation for this phenomenon, 10 c.c. of the 
glycerol-methanol stock solution was diluted with 88 e.e. distilled water and 
2 c.c. glacial acetic acid and shaken with successive portions of carbon tetra- 
chloride until no more red color was extracted. The CC1, was then shaken 
with two or three changes of saturated sodium carbonate solution, extracting 
from it a deep orange-red dye with yellow fluorescence on dilution and a 
spectroscopic absorption maximum in water at 516 my, which agrees perfectly 
with eosin Y. The still red CC1, was then evaporated off on a water hath and 
the residue taken up in alcohol, to which it gave a deep violet color. This gave 
a Spectral absorption peak at about 595 in alcohol. The acetie aqueous residue 
Was blue violet in color and gave a single absorption maximum at 660 my 
(median of absorption band at 658). 

Tiie three fractions were regarded respectively as (1) eosin, (2) methylene 
v 'o!et, and (3) azures and methylene blue. It lias been known since Berntlisen’s 
tl,ne '“ that on chloroform extraction of alkaline solutions of polychrome methy- 
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lene blue, azures and methylene violet pass into the chloroform, and when this in 
turn is shaken with dilute aqueous acetic acid, the azures pass into the weak 
acid while the methylene violet remains in the chloroform. Further, it is 
stated 1 ' that with ether or chloroform extraction 0 of an acetic acid solution, 
the azures remain in the aqueous solution, while the methylene violet passes 
into the chloroform or ether. The sodium carbonate wash was introduced 
purely to remove acetic acid from the fat solvent, and the appearance of a 
red dye in it was unexpected. On direct trial it was found that ether extrac- 
tion of a 1 per cent acetic acid solution of eosin extracted a yellow coloring 
matter and that this ether solution imparted an orange-red color to aqueous 
sodium carbonate solution. 

Recombination of the thus prepared azure methylene blue fraction with 
the eosin fraction, from the above Wright’s stain, omitting the methylene 
violet fraction, gave satisfactory Romanovsky staining of blood dims in a 
eoplin jar when the dilution was of about the same depth of color as the 1 :24 
dilutions of the 1 per cent glycerol-methanol stock solution. 

Since the foregoing indicated that methylene violet might he the substance 
responsible for the failure of certain samples to stain in eoplin jar staining, it 
was determined to test this hypothesis further. To this end further trials of 
the fractionation method used above were made and chloroform substituted 
for ether or carbon tetrachloride, since it appeared to extract methylene violet 
much more rapidly. After a number of trials, the following method was 
evolved: 

Dissolve 500 mg. Wright’s stain in 25 c.c. methanol and 25 c.c. glycerol 
•by shaking at frequent intervals for three days. Let settle over night. Pipette 
out 10 c.c. into a 120 c.c. bottle ; add 88 c.e. distilled water and 2 c.c. glacial 
acetic acid. Mix thoroughly and let stand over night. Filter and shake filtrate 
in a separatory funnel with successive 50 c.c. portions of chloroform until last, 
portion is pale pink or bluish. Combine chloroform extracts and shake with 
two successive 20 c.c. portions of 2 M sodium carbonate in a large separatory 
funnel. Combine the sodium carbonate fractions and neutralize cautiously 
with about 9 c.c. glacial acetic acid until further addition causes no further 
evolution of gas. Label and store tills as “Eosin fraction of Wright’s stain 
lot No. Distill and recover the chloroform, using a water bath to heat 

the distilling flask. Take up the residue in successive 10 c.e. portions of abso- 
lute ethyl alcohol, filtering through filter paper to remove sodium salts, and 
make up final volume to 50 c.c. Label and store this as “Methylene violet 

fraction of Wright’s stain lot No ’’ Store the aqueous acetic solution from 

which the chloroform extract was made in a 120 c.c. bottle, labeling “Azure 
fraction of Wright’s stain, lot No. — ” Record total volume in cubic centi- 
meters of each fraction, also dilution for spectrophotometry and spectroscopic 
data : A (the absorption maximum), width of absorption band in which density 
is over 90 per cent of its maximum, the median of this band, and the optical 

density D at A. 

Since it appeared that the only adequate sample of commercial methylene 
violet on hand at the time contained a considerable proportion of azures, 5 bni. 
of this was dissolved in some 1,200 to 1,500 c.c. of 2 per cent acetic acid and 
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extracted with chloroform, the chloroform extract was dried by distillation 
over a water bath, the acetic acid removed with a small amount of aqueous 
sodium carbonate solution, the again dry residue taken up in absolute alcohol, 
filtered, evaporated to dryness, removed as completely as possible, weighed to 
the nearest 0.1 mg., and dissolved in equal volumes of glycerol and methanol 
at 0.5 per cent concentration. The total yield was about 450 mg. This stock 
solution was diluted in appropriate amount and dilution for spectroscopic 
examination and the optical density determined and related to the amount of 
dry dye for comparison with the methylene violet fractions from the "Wright’s 
stain samples. This enabled the calculation in milligrams of the amount of 
methylene violet fraction recovered from the 10 c.c. of stock glycerol-methanol 
solution, which contained .100 mg. of Wright’s stain. 

Next, rat trypanosomiasis blood films were stained in a 1 :24 dilution of 
each 1 per cent glycerol-methanol stock solution for 5, 7, 10, 15, 20, 30, 60, 
and 320 minutes in coplin jars, and on the slide in 2 parts of buffered water 
and 1 part of a dilute stock stain consisting of 2 c.c. of the 1 per cent glycerol- 
methanol solution and 8 c.c. methanol for 1, 2, 3, 5, 7.5, and 10 minutes. Water 
buffered to pH 6.5 was used throughout All slides wore examined under oil 
immersion and a numerical grade given in accordance with the following scheme : 

7 Very dark cell nuclei, dark purple solid trophonucloi, heavy 
pink undulating membrane 

6 Rather dark cell nuclei, solid trophonucloi, pink undulating 
membrane 

5 Violet-purple cell nuclei, granular purple trophonuclei, 
clearly perceptible undulating membrane 
4 Violet-purple cell nuclei, partially stained trophonuclei, 
well-stained blepharoplasts, indistinct undulating mem- 
branes 

3 Rather light purple or red-purple nuclei, suggestion of 
trophonuclei, distinct blepharoplast 
2 Blue-violet (-) — > violet — » violet-purple (+) cell nuclei, 
trophonuclei not shown, blepharoplasts, variable - to + 

1 Blue nuclei deeper than cytoplasm, trophonuclei and bleph- 
aroplasts not shown 
0 Unstained to pale blue or gray nuclei 

Grade 7 is distinctly overstained ; grades 5 and 6, good for trypanosomes ; 
grades 4 and 5, good for blood work; grade 3, usable, grade 2, inferior; grades 
1 and 0, useless. 

The performance of two laboratory and twenty-six commercial samples of 
Wright’s stain from four manufacturers, designated as A, B, D, and 35-, is 
gb'en in Table I along with the assay figures for methylene violet recovered 
from a 100 mg. sample by the method given previously. Samples giving less 
than 4 mg. methylene violet gave satisfactory staining in coplin jars at 1:24 
dilution of the 1 per cent glycerol-methanol solution. Some samples yielding 
around 4 mg. gave good staining after longer than the usual interval, while 
others did not. Samples with 5 mg. or more failed to give satisfactory stains 
ln coplin jars. All but one sample gave satisfactory stains on the slide with 
a dilution of an 0.2 per cent solution in 90 per cent methanol-10 per cent 
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glycerol (made by diluting the 1 per cent glycerol-methanol stock solution 
with 4 volumes of methanol). 

Following these experiences it was decided to determine the effect of add- 
ing varying amounts of the purified methylene violet described above to the 
crude azure eosinate 44F. This last was made by acid chromate oxidation 
and should, according to Holmes, 17 contain no methylene violet. The assay 
(Table I) indicated that only traces were present. In a previous similar trial 
a commercial methylene violet was used. It did not interfere with azure 
eosinate staining in jars and gave the gray-lilac cytoplasm and poor nuclear 
staining of azure C eosinate when higher proportions were used. A relatively 
large proportion of it remained in dilute acid aqueous solution when extracted 
by shaking with ether or chloroform. Consequently a methylene violet made 
by extracting with chloroform from a dilute acetic acid solution was used. 

A series of stains was done in eoplin jars with 2 e.e. 1 per cent glycerol- 
methanol solution of azure eosinate 44F in 48 c.c. of water buffered to pH 6.5, . 
with the addition of graded amounts of an 0.5 per cent solution of repurified 
methylene violet in glycerol and methanol (equal volume mixture). The con- 
trol series gave excellent stains, grade 6, on the grading schedule given above 

Table I 

Weight 's Stain Performance is Copus Jar and ‘ ‘ Ox Slice ’ ’ Stmxixg, Correlated With 

Craw: Methylene Violet Assay 


DYE 

METHY- 
LENE 
VIOLET 
MG. RE- 
COVERED 
FROM 
100 MG. 
DYE 

COPUN JAR 

ON SLIDE 

O.V SLIDE 

1:24 DILUTION OF 1% 
GLYCEliOL-METHANOL 
STOCK 

1 :2 DILUTION OF 0.2% 
IN 00% METHANOL- 
10% GLYCEROL 

STAINING NOTES AND 
OTHER DILUTIONS 

BEST 

GRADE 

TIME 

MINUTES 

BEST 

GRADE 

TIME 

MINUTES 

A1 

A 2 

B1 

B2 

B3 

B4 

Ba 

BG 

Cl 

m 

D2 

D3 

D4 

Do 

D6 

D7 

DS 

El 

E 2 

E3 

E4 

E5 

EG 

,E7 

E8 
. E9 
E10 

A4F 

5.71 

4.83 

G.15 

4.29 
5.0S 

0.60 

1.53 
1.57 
1.51 
2.64 
1.99 
1.01 

1.30 

1.54 
1.66 
4.81 

3.55 
4.01 
4.97 
3.95 

4.31 
6.35 
5.91 
4.31 

3.55 
0.00 

i 

i 

i 

i 

i 

i 

i 

5 

4 to 6 
4'to 5 

5 to 6 

4 to 5 

5 to 6 

4 to 5 

5 to 7 

5 to 6 

5 to 0 

4 

4 too 

4 to 5 

1 

1 to 4 

1 

1 

1 

1 

1 

4 to 0 

5 to 90 

5 to 90 

5 to 120 

5 to 120 

5 to 120 

5 to 120 

5 to 30 

15 to 30 

30 to 120 

15 to 30 

7.5 to 120 

7.5 to 120 

7.5 to 120 

15 to 30 
a to 120 

7.5 to 120 

5 to 120 

60 to 120 

60 to 120 

00 to 120 

5 to 120 

120 

5 to 120 

5 to 120 

5 to 30 

5 to 120 

5 to 120 

7.5 to 30 i 

4 to 6 

5 to 6 

5 

5 

4 to 6 

4 to 6 

1 

4 to 6 

4 to 5 

4 to 0 

4 to 5 

5 

4 to a 

4 to G 

4 too 

4 to 5 

4 to a 
>1 to 4 

5 to 0 

4 to 5 

4 to 0 

4 to G 

4 to G 

5 

a to 6 

4 to 5 

4 to a 

5 

2 to 12 

2 to 12 

1 to 10 

1 to 10 

1 to 10 

2 to 10 

2 to 12 

2 to 12 

2 to 10 

3 to 12 

2 to 10 

1 to 10 

1 to 10 

2 to 12 

2 to 10 

2 to 10 
lto 10 

1 to 10 
lto 10 

1 to 10 

1 to 10 

1 to 10 

2 to 10 

1 to 10 

2 to 12 

1 to 10 

2 to 10 

2 to 12 

1 :3 instead of 1:2 

1:3 instead of 1 :2 

1:4 to 1:2 in lto 10 min. 

1 :4 to 1 in 1 to 10 min. 

1:4 to 1:1 in 1 to 10 min. 

1 :4 to 1 in 1 to 10 min. 

1:3 instead of 1 :2 

1 :3 instead of 1 :2 

1:3 instead of 1 :2 

1 :3 instead of 1 :2 

1:4 to 3:4 in 5 to 10 min. 

1 :4 to a in 2 to 10 min. 

1 :4 to 5 in 2 to 10 min. 

1:4 to 4:5 in lto 10 min. 
1:4 to 5 in 3 to 10 min. 

1:4 to a in 2 to 10 min. 

1 :4 to 4 in 10 min. 

1 :3 instead of 1 :2 

1 :4 to a in 3 to 10 min. 

1 :4 to 3:6 in 1 to 10 min. 

1 instead of 1 :2 

_ — — 
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in all periods from 15 minutes up to 2 hours. The series receiving 0.2 c.c. 
(1 mg-) (about 5 per cent of total dry stain) methylene violet gave a good 
stain, grade 5, in 2 hours, inferior stains in lesser intervals (grade 4 in GO and 
30 minutes, grade 2 in 20, and grade 1 in shorter intervals). With larger 
amounts of methylene violet (2, 3, 4, 5, 6, and 7 mg.) poor stains were regu- 
larly obtained. 

This test was repeated, using 0.1, 0.15, 0.2, 0.25, 0.3, and 0.4 c.e. of the 
0.5 per cent glycerol-methanol solution of methylene violet with 2 c.c. 1 per 
cent azure eosinate 44F and 48 c.c. water buffered to pH 6.5. In the control 
series, grade 5 or grade 6 stains were obtained in all periods from 15 to 120 
minutes. With 0.1 c.c. (= 0.5 mg. or 2 5 per cent) methylene violet, similarly 
satisfactory stains were obtained in 30, 60. and 120 minutes but not in shorter 
times. With 0.15 c.c., the satisfactory* stains, grade 5, were obtained only after 
GO and 120 minutes. With 0.2 c.c. (■= 1 mg.) a single satisfactory* stain was 
obtained in 1 hour; those stained 30 and 120 minutes gave irregular, chiefly 
poor, results. With larger amounts of methylene violet no satisfactory stains 
were obtained. 

A third similar test was made using azure eosinate 44F and methylene 
violet in such proportion that a total of 100 mg. dry dye per 100 c.c. glycerol- 
methanol stock solution was present. The first contained 100 mg. azure 
eosinate 44F alone; in the second this was reduced to 97.5 mg. and 2.5 mg. 
methylene violet added; and further mixtures contained 5, 7.5, and 10 mg. 
methylene violet with corresponding reduction of the azure eosinate. Of these 
stock mixtures there were made (A) a 1 :24 dilution in water buffered to pH 
G'5; (B) a 1:24 dilution containing 8 per cent acetone in the buffered water; 
and (C) a 1:49 dilution with 8 per cent acetone in buffered water. 

The three controls without methylene violet gave (grades 5 and 6) excel- 
lent stains in from 10 to 120 minutes. With 2.5 per cent methydene violet, 
the acetone mixtures gave excellent stains in from 10 to 120 minutes; that 
without acetone, in from 15 to 120 minutes. With 5 per cent methylene violet 
all three mixtures stained moderately well in from 30 to 120 minutes, and 
with 7.5 per cent and 10 per cent methylene violet satisfactory stains were not 
obtained up to 120 minutes with any of the mixtures. 


Since the foregoing trials indicated that this methylene violet seriously 
interfered with staining in coplin jars, it was decided to discover whether it 
had any deleterious effect in “on slide” staining in the traditional manner. 
Accordingly, a series of dilutions of the foregoing stock mixtures in methanol 
was made, bringing the -dye concentration down from 1 per cent to 0.2 per cent 
(200 mg, per 100 c.c.). Three series were stained for 1, 2, 3, 5, 7.5, and 10 
minutes. The first was diluted 4 e.c. stain to 8 c.c. water; the second, 3 c.c. 
stain to 9 c.e. water; the third, 2.5 c.c. stain to 10 c.c. water. All the water was 
buffered to pH 6.5. Each series comprised mixtures of azure eosinate with 
°. 5, 7.5, 10, 12.5, 15, 20, and 25 per cent methylene violet. 


The first dilution series, 1 stain plus 2 water, gave good stains in all 
Periods from 2 to 10 minutes, regardless of the amount of methylene violet. 
The second series, 1 stain plus 3 water, gave good stains in from 2 to 10 min- 
utes with methylene violet levels up to 12.5 per cent, varying to poor with 


econd series, 1 stain plus 3 water, gave 5 
with methylene violet levels up to 12.5 


I waxer, gave goou stains in an 
the amount of methylene violet. 
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higher levels. In the third series, 1 stain plus 4 water, good results were 
obtained in the controls and with 2.5, 5, and 7.5 per cent methylene violet, 
variable with 10, 12.5, and 15 per cent, and poor with 20 and 25 per cent. 
None of the stains were fully satisfactory with 1-minute staining, but with 2 
minutes or more, longer periods gave little increase in density of staining. 
All films were fixed in methanol prior to staining, and all stain-water mixtures 
were made in test tubes and at once pipetted onto the slides. Uniform mix- 
tures were thereby assured. 

As a further control, this last experiment was repeated, using a freshly 
obtained commercial sample of methylene violet (NLv-4) at 0, 1, 2, 3, 4, 5, 
6, 7, 8, 10, 12, 15, 20, 25, and 30 per cent levels. With 1:24 dilution of the 
glycerol-methanol stock solution, no levels above 10 per cent were tested, since 
fully satisfactory staining was obtained only with 4 per cent or less methylene 
violet. Good staining in prolonged intervals was obtained in from 5 to 7 per 
cent, and in 8 and 10 per cent satisfactory staining was not attained in 4 hours. 

With the stock solutions diluted to 0.2 per cent with methanol, dilutions of 
1 :4, 1 :3, 1 :2, and 5 :7 were employed and the 5 and 7 per cent methylene violet 
levels omitted. All slides were studied at the 0, 3, 6, 10, 15, and 30 per cent 
levels ; in addition, all the 1 :4 and 5 :7 dilution slides were also studied at the 
20 and 25 per cent levels and the 1 :4 dilution slides at the 12 per cent level. 
Three- and 5-minute stains were made of all the 1 -.2 dilution slides. 

The 1 :4 dilution gave good stains up to 10 per cent methylene violet, fair 
and variable at from 12 to 25 per cent, and poor at 30 per cent. The 1 :3 and 
1:2 dilutions gave good stains at all methylene violet levels, and with the 5:7 
dilution, higher methylene violet levels actually gave somewhat better staining 
than lower concentrations, particularly with shorter staining intervals. The 
same difference was seen to a less degree with the 1 :2 dilution. With the un- 
modified (control ) azure eosinate, 1 -.4, 1 :3, and 1 :2 dilutions required 3 minutes 
for satisfactory stains, while 5 minutes were needed with the 5:7 dilution. 
With higher methylene violet concentration, 3- and sometimes 2-minute stains 
were satisfactory with the 1 :3, 1 :2, and 5 :7 dilutions. 

The dilutions used in the two last cited experiments lie within the range of 
those attained by the drop-for-drop dilution technique commonly used. Wright 6 
originally directed placing some of the methanol solution on the preparation to 
fix it for 1 minute, and then added distilled water until a metallic scum formed. 
Later 18 he directed adding a noted quantity of stain from a medicine dropper 
and a minute later the same quantity of water also from a medicine dropper; m 
I924 10 he directed the use of 10 drops of the stain and 10 drops of water. Mal- 
lory 20 later returned lo the use of equal quantities from a pipette, while Conn 14 
copied the 1924 directions of Wright. Many workers, however, do not realize 
that an equal number of drops is not an equal quantity when a methanol solu- 
tion is compared with water. 

The number of drops per cubic centimeter and average drop size in cubic 
millimeters for a 0.3 per cent methanol solution of azure eosinate, for » • 

per cent glvcerol-methanol solution of the same azure eosinate, and foi IS ! c 
water is listed in Table II. Ten serologic pipettes were used, five with 
and five with sharp points; five bulb pipettes were used in two positions, neari. 



Solutions or Azure Eosi nates 



Habbit' 2 G 9(52 = 25 e.e. 38.5 26.0 

cal- 27 9 7(> = 25c.e. 39,0 25.6 

topped 28 950 = 25 c.c. 38.0 26.3 

dropping 29 930 = 25 e.t\ 38.0 26.3 

bottles 30 1,008- 25 ce. 42.7 23.4 
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vertical and nearly horizontal, and ten dropping bottles of two different designs, 
five each, were tried. With the last of these, No. 30, six consecutive trials were 
made with water, two each with the two stain solutions. 

Taking the extremes in drop sizes, a drop-for-drop dilution of the methanol 
solution could vary from 41 per cent stain or 1:1.44 to 10.5 per cent or 1:8.5. 
If bottle 30, which gave extraordinarily large drops of water, were neglected in 
the calculation, the lower dilution would be 18.6 per cent or 1 :4.39. This last 
dilution approaches a level where stains with higher than 7.5 per cent methylene 
violet do poorly in "on slide” staining. 

It may be noted further that the traditional 1 drop per 1 c.c. dilution for 
Giemsa stain would range, on the basis of the azure eosinate solution in equal 
volumes of glycerol and methanol, from 1 :33.4 to 1 :50.8. This variation is 
enough to make a very considerable difference in the density of staining obtain- 
able in from 30 to 45 minutes, particularly with reference to such structures as 
Schuffner’s granules and undulating membranes. 

Since some authors have recommended equal volumes of Wright’s stain and 
water for staining (though I am sure they meant an equal number of drops), it 
was decided to determine the effect of such high concentration of methanol solu- 
tion. Some years ago we tried 1 :1 dilutions and abandoned them for a 1 :2 dilu- 
tion because of inferior performance. 

A 0.3 per cent methanol solution of azure eosinate 44D was used. Mixtures 
with buffered water (pH 6.5) were made in test tubes containing, respectively, 
60, 55, 50, 45, 40, 35, and 33 per cent by volume of the slock stain, and 1.5 c.c. 
quantities at once deposited on previously fixed rat trypanosomiasis blood films. 
These were stained 1, 2, 3, 5, 7, 5, and 10 minutes. Generally, all the 1-minute 
films were inferior (grade 2 on the grading schedule). The 33 per cent dilution 
gave good stains in periods of 2 minutes or more, with fair to good differentiation 
of trypanosome nuclei in periods of from 5 to 10 minutes. At 45 per cent dilu- 
tion, trypanosome troplionuclei were poorly stained in from 7.5 to 10 minutes, 
with fairly good blood staining. With 50 to 60 per cent stain, troplionuclei were 
not stained, and leucocyte staining was only fair. Really satisfactory blue 
lymphocyte and trypanosome cytoplasm was not attained at any concentration 
higher than 33 per cent. With increasing concentration, cytoplasm altered in 
color through lilac to pinkish gray. 

SUMMARY 

The constitution of the azure component of Wright’s stain is difficult to 
control when the traditional process of steaming one hour with NaIIC0 3 is used. 
This difficulty is largely overcome in commercial manufacture by speetrograplnc 
control. 

Substitution of the acid chromate oxidation process gives relative!} constant 
azure constitution when the same proportions of methylene blue and potassium 
(or sodium) bichromate are used. 

Preparation of thiazin eosinates containing chiefly azure B and methj ene 
blue is suggested on account of the greater stability of these in methanol solution 

than azure A eosinates.- 
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Satisfactory .azure eosinates arc readily prepared from the zinc chloride 
methylene blue. In calculation of molar equivalents, the presence of 19.5 per 
cent of water and zinc chloride must he allowed for. 

There are distinctly different limitations on staining in covered jars and 
on open slides. In covered jars methanol percentages of 15 per cent or more 
are distinctly inhibitory to azure staining of nuclei, while on open slides 33 per 
cent methanol is tolerated. Here, too, higher than 35 per cent methanol defi- 
nitely impairs staining of leucocytes and especially parasites. When evaporation 
of methanol is I’ctardcd in “on slide” staining, the usual 25 to 33 per cent dilu- 
tions fail to stain them. 

Distinctly sharper staining of chromatin and clearer cytoplasmic colors are 
obtained by longer staining in more dilute solutions, even when the same 
thiazin eosinatc is employed. 

The solubility of a mixed methylene blue azure B cosinate in equal volumes 
of methanol and glveerol is in the neighborhood of 1.1 per cent or 11 mg. per 
cubic centimeter. 

Quite satisfactory staining may be attained in from 15 to 20 minutes with 
a 1:24 dilution of a 1 per cent glycerol-methanol solution of such an eosinatc in 
covered jar staining. Such solutions may he re-used but with somewhat inferior 
results. 

Many samples of commercial Wright stain do not permit staining by this 
technique; others perform beautifully. It was found that the first group ‘of 
samples contained higher proportions of methylene violet than the second. In 
confirmation of this finding it was shown that chemical fractionation of a Wright 
stain of the first group into azure, cosin, and methylene violet fractions and 
recombination of the first two fractions would give successful staining from 
dilute aqueous solution. It was further shown that addition of purified methy- 
lene violet to a 1 per eent glycerol-methanol solution of an azure eosinatc in 2.5 
per cent level retarded satisfactory staining in the 1 :24 aqueous dilution, with 
® P er eent retardation was greater, and with 7.5 per cent satisfactory staining 
was inhibited. With a commercial methylene violet 4 per cent was tolerated, 
from 5 to 7 per cent retarded staining, and from S to 10 per cent inhibited. 

However, when a 200 mg. per 100 c.c methanol solution of the same azure 
cosinate was used with 1:2, 1:3, and 1:4 dilutions in “on slide” staining, the 
1 - dilution gave satisfactory stains with substitution of as much as 25 per cent 
methylene violet, the 1 :3 dilution tolerated methylene violet substitution up to 
*2.5 per cent of the total dry dye, and the 1 :4 dilution up to 7.5 per cent only. 
Higher levels of a commercial methylene violet were tolerated and appeared to 
improve staining with higher initial methanol concentration in the final stain 
mixture. 

It would appear that methylene violet is kept in solution by the presence of 
methanol rather than by the azures, as previously assumed, and that when in- 
sufficient methanol (or other solvent) is present to keep the methylene violet in 
solution, it precipitates and carries the azure eosinates down with it. 

Ilrop.for-drop dilutions of methanol solutions of azure eosinates with water 
10 110t constitute equal volume mixtures but vary from' about 1 :1.5 to 1 :4.5 (41 

her cent to 19 per cent). . 
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One drop to 1 e.c. dilutions of glycerol-methanol solutions of azure eosinate 
vary from about 1 :35 to 1 :52 in volume dilution. 


CONCLUSIONS 

The presence of any considerable amount, over 4 per cent, of methylene 
violet is tolerated in Romanovsky staining only in “on slide” staining with 
relatively high initial concentration of methanol in the final staining mixture. 
With concentrations below 20 per cent, such as are reached in Giemsa type 
methods, not much over 4 to 5 per cent methylene violet is tolerated. Larger 
amounts occasion precipitation of both the methylene violet and the thiazin 
eosinates. However, in “on slide” staining with methanol concentrations of 
i'rom 30 to 40 per cent, the presence of from 15 to 30 per cent methylene violet 
distinctly improves azure eosinate staining. For all concentrations of methy- 
lene violet, from 25 to 33 per cent initial methanol concentration appears to be 
the best range for “on slide” staining. Higher concentrations give poorer 
staining with low methylene violet content in the dye; lower concentrations 
occasion precipitation with higher methylene violet levels. The latter limita- 
tion is the less important as the usual Wright stains appear to contain less 
than 7.5 per cent methylene violet, and this amount is tolerated even by a 20 
per cent dilution of the methanol stock solution. 

Alkali polychroming methods are difficult to control so as to produce con- 
stant proportions of the various azures, and they also produce a variable 
amount of. methylene violet. Acid chromate polychroming is easily controlled, 
yields relatively constant products, and produces little or no methylene violet. 
It permits the use of the commercial double zinc chloride as well as of medici- 
nal methylene blue. 

Acid chromate polychroming with 200 mg. K 2 Cr 2 0 7 (or its Na equivalent) 
per gram of S6 per cent medicinal methylene blue (20 per cent less K»Cr 2 0 7 
for the zinc salt) yields chiefly azure B with some methylene blue. This gives 
good staining of blood protozoa as well as of blood cells. Its eosinate is rela- 
tively more stable in methanol solution than eosinates containing higher pro- 
portions of azure A. The use of a 1 :24 dilution of a 1 per cent solution of such 
an eosinate in equal volumes of glycerol and methanol can be highly recom- 
mended for blood staining. Further, this glycerol-methanol solution is much 
more stable than plain methanol solutions and can be used as a stock solution 
for dilution with methanol to 150 or 200 mg. per 100 c.c. for the usual “on 
slide” Wright staining technique. 

Acknowledgment is due Medical Technician Daisy Plotka and Junior Chemist Dorothy 
C. Peterson for aid in staining and spectroscopic procedures. 
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SERO FLOCCULATION WITH A NEW GROUP OF ANTIGENS IN SOME 

PATHOLOGIC CONDITIONS 


‘ Pathogxostic Seroflocculatjon ’ 


L. Rosenthal, M.D. 
Brooklyn, N. Y. 


P OSITIVE reactions with scrodiagnostic tests for syphilis have been reported 
occasionally in diseases other than syphilis. Among the conditions which 
give such so-called false positive reactions, Stokes 1 mentions frambesia tropica, 
recurrent fever, trypanosomiasis, spotted fever, leprosy, scarlet fever, ulcus 
tropicum, endocarditis, septicemia, malaria, ulcus molle, lupus erythematosus, 
leukemia, pernicious anemia, mycosis fungoides, tuberculosis, anesthesia, malig- 
nant tumors, psoriasis, pemphigus, aphthae, Graves’ disease, plumbism, dia- 
betes, eclampsia, leishmaniasis, pellagra, beri-beri, and pregnancy. 

With the refinement of the technique of the tests and with the improvements 
introduced in the preparation of the beef heart antigens, the number of con- 
ditions which produce so-called false positive reactions have decreased con- 
siderably. A list compiled by Eagle 2 in 1937 contained only six such diseases .- 
trypanosomiasis, relapsing fever, infectious mononucleosis, malaria, leprosy, 
and yaws. Recently, however, with the widespread routine performance of sero- 
diagnostic tests for syphilis, attention was again drawn to the occurrence of 
positive reactions in the absence of syphilitic infection. Eagle, 3 in 40,545 white 
students of both sexes in 25 universities, found 36 false positive reactions. Other 
workers (Moore, Eagle, Mohr 4 ) reported false positive reactions in acute in- 
fections of the respiratory tract including pneumonia, and after smallpox 
vaccination (Lynch et al. s ). The problem of the specificity of the syphilitic 
serodiagnostie tests was further complicated by the discoveiy that sera of normal 
animals give positive reactions (Porro, 0 Greene et al. 7 ). 

According to Kalin, 8 the true positive reactions can be distinguished from 
false or nonspecific reactions of human and animal sera by a special verifica- 
tion test in which different temperatures and salt concentrations for each type 
of reaction are used. True positive reactions are stronger at 37° C. and weaker 
at 1° C., while nonspecific reactions are weaker at 37° C. and stronger at 1 0. 
Specific serologic reactions tend to become stronger, and nonspecific weakei as 
the salt concentration of the reacting system is increased. Kahn 0 was able to 
obtain a very high percentage (95-98 per cent) of positive nonspecific reactions 
in Kahn negative sera by performing the test at low temperature, with unheated 
sera and with the use of a special sensitive antigen prepared from beef heart 
powder which was kept at 37° for several months. Based on these facts Kahn 
recognizes the existence of a universal biologic type of reaction wlucli can he d>s- 

' jYorn the Department of Laboratories, Israel Zion Hospital. 
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covered under proper conditions, which is non-specific in nature and has no con- 
nection with syphilitic infection. 

It is generally .assumed that syphilitic sera contain a substance designated 
as reagin which produces flocculation in colloidal suspensions of beef heart ex- 
tracts. Many investigators (Barnett et ah, 10 Sherwood et ah," Lund 12 ) believe 
that the so-called false positive reactions are due also to the presence of small 
amounts of reagin-like substances in nonsyphilitic sera. The opinion has, there- 
fore, been expressed that the difference between true and false positive re- 
actions is of a quantitative rather than a qualitative nature (Kolmcr 13 ). 

Prom this short survey, it follows that up to the present the investigations 
of serodiagnostic tests were mainly concerned with syphilis. All the other 
pathologic conditions giving false positive reactions were regarded as side issues 
and received attention only insofar as they interfered with the differential diag- 
nosis of syphilis. Itt any case, the low incidence of false positive reactions in 
each pathologic group permitted no definite conclusions as to their significance. 
Nevertheless, the fact remains that some pathologic non-syphilitic sera have a 
tendency to give positive flocculation tests 

It seemed worth while to detach the problem of serofloceulation from syph- 
ilis and explore the possibility of finding antigens which will bring out the 
tendency of serofloceulation in various other pathologic conditions in a constant 
and distinct way. It was clear that eholesfcrmizcd antigens prepared from 
beef heart would not serve this purpose since the standard antigens rarely gave 
positive reactions outside of syphilis, while the antigens prepared by Kahn from 
aged beef heart powder approached universal sensitivity by giving flocculation 
with nearly all sera, ftonnal and pathologic alike. 

In quest for a suitable antigen, we first tested alcoholic extracts prepared 
from various dry substances containing lipoid materials. They were milk 
powder, egg yolk powder, soya bean flour, jack bean meal, wheat flour, pulver- 
ized walnuts, almonds and dried yeasts. These extracts fortified by cholesterol 
gave positive flocculation reactions in some pathologic conditions but in a casual 
and non-uniform way, and therefore were discarded. In continuing our search 
for new sources, we finally selected the following substances 'for the preparation 
Of antigens: I. Animal Origin — butter, chicken fat, human fat, lanolin (an- 
hydrous), oil of lard, neat’s-foot oil, sperm oil, suet; II. Plant Origin — oil of 
s "'eet almonds, castor oil, cocoanut oil, cottonseed oil, hydrogenated plant oil 
(Crisco), linseed oil, olive oil, peanut oil, poppy seed oil, sesame oil, soya bean 
oil, oil of walnut ; III. Mineral Oil (Petrolatum liquidum). 

TECHNIQUE 

A. Preparation of the Antigen . — Stock solution: 1 ml. of oil or fat (when 
necessary after melting) was added to 100 ml. of absolute alcohol and the mix- 
ture was vigorously shaken. If some turbidity appeared, the mixture was placed in 
a water bath at 5G° C. for 15 minutes and cooled at room temperature. When a 
sediment formed, it was removed by filtration. By addition of absolute alcohol 
to the stock solution, concentrations of less than 1 per cent could be prepared, 
^he optimal concentration of the stock solution to be used in the test was de- 
termined by titration (see under D). We prepared alcoholic solutions from all 
the various substances listed above and tested each of them. Since, generally, 
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sera containing rcagin often fail to react with the new antigens, it may he as- 
sumed that the factor producing pathognostic seroflocculation is of a nature 
other than reagin. Furthermore, due to differences in the results of the blood 
sedimentation rate and the seroflocculation test, there is apparently no common 
factor responsible for both tests. In this first stage of our investigation, all our 
efforts were devoted to devising the test, selecting the antigens, perfecting the 
details of the technic and studying the general aspects of the phenomenon of 
pathognostic seroflocculation.” So far, no attempt was made to correlate the 
results of the test with the clinical findings, the duration of the disease, severity 
and extent of the process, complications or type of treatment. At present, it can 
be stated that a positive test suggests the presence of infection, inflammation or 
malignancy. It remains for further studies to investigate the various problems 
connected with the test and to find out its practical value for diagnostic or prog- 
nostic purposes. 

SUMMARY 

New antigens were prepared from paraffin oil and from fats and oils of 
plant and animal origin. The technique of testing sera with these antigens is de- 
scribed. The test gives negative results with sera of healthy persons and positive 
results in a majority of cases of acute infections, especially pneumonia, and in 
tuberculosis, cancer and coronary thrombosis. Four plus Wassermann and 
Kahn positive sera often fail to react with these antigens. The differences be- 
tween this type of seroflocculation and the biologic and syphilitic type are dis- 
cussed. The name “pathognostic seroflocculation” is proposed for the test.' 
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“REVERSE” TYPING AS AN AID IN THE DIAGNOSIS 
OF PNEUMONIA 


E. Racker, M.D./ and S. P. Rose, M.D. 
New York, N. Y. 


T HE clinical similarity between atypical pneumoeoccie pneumonia and spo- 
radic cases of primary atypical pneumonia makes a differentiation very 
difficult. 1 Pneumoeoccie pneumonia may often fail to show the invasive organ- 
ism in the sputum. Several mechanisms could be responsible for this. If the 
pneumonic lesions are small and scattered, they may not communicate with 
a larger bronchus, similar to miliary tuberculosis of the lung; the communi- 
cating bronchus may be blocked by a mucous plug ; the cough reflex may be 
suppressed in some patients; and finally, the sputum may contain inhibitory 
factors or bacteriolysins which may prevent satisfactory typing of the organ- 
isms. It is also well known that m children with pneumonia a satisfactory 
sputum specimen is frequently unobtainable. In these cases a method which 
would not depend on the bacteriologic sputum studies would be of diagnostic 
value. 

About 70 per cent of patients with pneumonia develop specific antibodies 
between the seventh and tenth day of illness as determined by the passive 
protection of mice. 2 A simple method has therefore been adopted to utilize 
these antibodies diagnostically. 

Method* — Fifty-six strains of pneumococci were prepared as follows: The 
virulent strains were passed through mice and grown in a 1 per cent bacto- 
peptone broth containing from 5 to 10 per cent horse serum. After eighteen 
hours’ growth, the cultures were centrifuged and the sedimented bacteria 
washed with saline. Saline suspensions of the recentrifuged organisms were 
then incubated in a water bath at 56° C. for one hour. Final dilutions con- 
taining 1 per cent formalin and about 0.2 mg. bacteria (dry weight) per cubic 
centimeter were made. The pneumococci of these suspensions showed distinct 
capsule swelling when mixed with a drop of specific antiserum containing from 
5 to 10 units antibody per cubic centimeter. The strains were pooled in groups 
of six to simplify the diagnostic procedure. 

Using the patient’s serum as antibody, the pooled strains were examined 
tor quellung reaction as in the standard Neufeld method. If a patient’s serum 
gave negative results at the onset of disease, and specific capsule-swelling anti- 
bodies in rising titers appeared later, the test was considered positive. 

Agglutinin titers were determined on all specimens of serum which were 
typed by this method. In all instances the results of the agglutination reac- 
t*°n co nfirmed those obtained by the Neufeld reaction. 

‘Present address: Department of Bacteriology, New York University College of Medicine. 
From the Pneumonia Service, Harlem Hospital. 

Received for publication, May 3, 1944. 
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sera containing reagin often fail to react with the new antigens, it may he as- 
sumed that the factor producing pathognostic serofloeculation is of a nature 
other than reagin. Furthermore, due to differences in the results of the blood 
sedimentation rate and the serofloeculation test, there is apparently no common 
factor responsible for both tests. In this first stage of our investigation, all our 
efforts were devoted to devising the test, selecting the antigens, perfecting the 
details of the technic and studying the general aspects of the phenomenon of 
“pathognostic serofloeculation.” So far, no attempt was made to correlate the 
results of the test with the clinical findings, the duration of the disease, severity 
and extent of the process, complications or type of treatment. At present, it can 
lie stated that a positive test suggests the presence of infection, inflammation or 
malignancy. It remains for further studies to investigate the various problems 
connected with the test and to find out its practical value for diagnostic or prog- 
nostic purposes. 

SUMMARY 

New antigens were prepared from paraffin oil and from fats and oils of 
plant and animal origin. The technique of testing sera with these antigens is de- 
scribed. The test gives negative results with sera of healthy persons and positive 
results in a majority of cases of acute infections, especially pneumonia, and in 
tuberculosis, cancer and coronary thrombosis. Four plus IVassermann and 
Kahn positive sera often fail to react with these antigens. The differences be- 
tween this type of serofloeculation and the biologic and syphilitic type are dis- 
cussed. The name “pathognostic serofloeculation” is proposed for the test.' 
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MEDICAL ILLUSTRATION 


AN INEXPENSIVE METHOD FOR PUBLISHING PHOTOGRAPHS 
OF FLUORESCENCE PHENOMENA IN COLOR 


Frank H. J. Fjgge, Ph.D., and Thomas E. IIoffmaster, Jr. 
Baltlmore, Md. 


IN A PREVIOUS paper a method for recording fluorescence phenomena on 
1 Rodachrome film was described. 2 Although this method reproduces the 
various fluorescent colors, the cost of publishing many of these pictures by the 
three or four-color process is prohibitive. A method was, therefore, devised for 
photographing fluorescence on black and white film m such a manner that repro- 
juctions of fluorescence were obtained which were suitable for printing in color 
y the Ben Day process. The resulting illustrations are useful to depict one or 
possibly two fluorescent colors. If only one color is pertinent, it may be empha- 
sized and accurately recorded by this relatively inexpensive method. 

One of the requirements for superimposing a color on a black and white 
1 ustration bj- the Ben Day process is that the area to be colored must be almost 
'\hite. This effect 3s produced by great overexposure of the negative to the 
uorescent light of the color which it is desired to record or emphasize. For 
example, if red fluorescence is to be recorded, the negative is overexposed to the 
red fluorescence by the use of a red filter so that red fluorescent tissues are 
recorded as nearly opaque areas on the negative. On the positive print these 
slow up as almost white fields upon which the corresponding color can be super- 
imposed by the Ben Day method. The precise color of the fluorescence can be 
escribed to the engraver or printer in terms of conventional color charts or 
notations, 3 or the color can be matched by an artist. Printers' inks can be 
selected to match this color and thus accurately represent the fluorescence. 

The illustration of the red fluorescence of the harderian gland of the rat 
(Plate I) was chosen to permit comparison of this new inexpensive method with 
the Kodachrome four-color method described previously in the Journal. 2 A 
Pmture of the fluorescence of the rat and the harderian gland (Fig. 2, Plate I) 
f 1 kmck and white is also shown. This is even less expensive than the process 
J which the Ben Day color process is applied but not nearly as satisfactory. 

c f^cd color for purposes of depicting or emphasizing the fluorescence in a 
certain color costs but little more (Fig. 4, Plate I). The general principles 
anci Precise steps necessary to produce these illustrations are outlined. 

The ultraviolet light sources and general principles of the use of filters 
or photographing fluorescence have been described. 1 * 2 For Fig. 1 the rat with 
e harderian gland exposed was arranged on blade paper. A 100-watt near- 
utraviolet lamp and two 100-watt tungsten bulbs were placed on each side. A 
0-wa tt tungsten lamp on a movable reflector was used to illuminate from 
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different angles during the exposure to eliminate shadows. All the lights were 
turned on and the Super XX film was ex-posed for 40 seconds at f :45 without a 
filter. 

In Pig. 2 the rat was photographed in a similar manner, except, that no 
visible light was used and a Corning filter No. 3060 Noviol was interposed be- 
tween the film and the object. A IV ratten 2A filter would have been equally 
satisfactory. The rat was thus illuminated by only two near-ultraviolet lamps, 
one on each side. The Super XX film was exposed for 4 minutes at f :16. This 
gave, in reality, a photograph of the fluorescence on black and white film which 
has been reproduced as such. It may be seen that this type of picture is not 
suitable for the illustration of the red fluorescence of the harderian gland be- 
cause the gland appears too dark to superimpose the red on it. 

To obtain the photograph of the rat in Pig. 3 a red filter (WrattenF29) 
was arranged in a Universal swivel clamp so that it could be rotated into posi- 
tion in front of the lens after the film had been partially exposed with visible 
light. The Super XX film was then exposed by using the tungsten lights as 
well as the two near-ultraviolet lights for 12 seconds at f:45. Tins was only 
one-third of the exposure time which had been used for Pig. 1. The visible 
lights were then turned off and the red filter moved over in front of the camera 
lens. The exposure was then continued for 45 minutes at f :5.6. The red filter 
permitted the light from the red fluorescent gland to pass through and thus over- 
exposed this area on the negative. It also transmitted the less intense red from 
other areas and completed the proper exposure of these areas. During the 
entire exposure the film was shielded from near-nltraviolet light by- a Corning 
filter No. 3060 Noviol placed behind the lens. The red TVTaften F29 filter also 
prevented near-ultraviolet light from reaching the film during the last 45 
minutes of the exposure. Duplicate prints of photographs were made to sub- 
mit to the engraver. One of these was colored to indicate the areas where Ben 
Day- color was to be applied. The other black and white copy was necessary 
to make the engraving upon which the Ben Day- color was superimposed 
(Fig. 4). 

Fluorescence of other colors may be recorded and illustrated in a similar 
manner by- choosing appropriate filters and film. In general, the film should be 
relatively sensitive to the color of the fluorescence to be recorded. Panatomic X 
or Super XX are satisfactory- for red. The color sensitivity spectrograms have 
been found helpful in selecting film for recording various colors. 


PLATE I 

Four photographs of a normal rat with the left harderian gland exposed by the removal 
of the eyeball. Eastman 5 by 7 inch view camera, 6% inch Goerz Dagor lens. 

Fig. 1— Illumination : four 100-watt stationary incandescent tungsten to',' 1 ™' D'Sj 
one moving 500-watt incandescent tungsten filament at approximately 3 feet, 

4100-watt quartz mercury arc near-ultraviolet lamps. Super XX film ; no filter. Exposure 

time, 40 seconds at f:45. , „ ^ ~ « t>it 1 

O oo Fitr 1 except visible lights turned off. Illumination: two G- g* 

100-wftf mercury^arc niar-uitraviok-t 'famps. Secondary or lens filter: Corning Iso. 3060 
Noviol. Exposure time. 4 minutes at f:16. f*45, 

-p; c g First exposure illumination: visible light same as Fig. 1 for tjjt 4 

I «ssss**si. 

27: 1609, 1942. 


Figqe and Hoffmastek, Jk.: Ax Inexpensive J. Lad. & Cus. Med. 

Method for Publishing Photographs of You 29, No. 11, Nov., 2944 

Fluorescence Phenomena in Color 
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Fig. 2. 
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The Wratlcn tricolor filter sets arc ideal for transmitting fluorescent light 
of any given color to overexpose the film. The following will be found satisfac- 
tory for any definite blue, green, or red fluorescence: 

W ratten No. 49 filter C4 for blue 
Wrattcn No. 61 filter N for green 
Vrattcn No. 29 filter F for red 

Only in rare instances will it he necessary to use filters that transmit wider 
bands of light. A hand spwtroscopc is excellent for determining the fluorescent 
spectrum so that a filter which specifically transmits these wave lengths may be 
selected. The only advantage to be gained by such precision would be possibly 
to shorten the exposure time in some instances. The intensity of the fluorescent 
fight is usually so low that the exposure time cannot be determined by means of 
an ordinary exposure meter. Even with an extremely sensitive meter this is 
somewhat impractical, because the exposure time is so long, and excessive over- 
exposure to fluorescent light from most objects is almost impossible. 

If it is necessary to depict two fluorescent colors on one object, the film may 
he overexposed to each color separately and the areas for each color indicated. 
The Ben Day printer can place the colors to con-espond to those observed on the 
object. Another alternative would be to make two photographs to be printed 
together, each depicting the fluorescence of one primary color. 

SUMMARY 

A method for photographing fluorescence on black and white film is de- 
scribed. The resulting photograph may be published in color by the relatively 
inexpensive Ben Day process. 
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BOOK REVIEWS AND NOTICES 


Medical Diagnosis. Applied Physical Diagnosis. By Roscoe L, Pullen. A.B., 
M.D., Instructor in Medicine, Tulane University of Louisiana School of 
Medicine; Assistant Clinical Director, Charity Hospital of Louisiana at 
New Orleans; Formerly Fellow in Clinical Endocrinology, Duke University 
School of Medicine and Duke Hospital, Durham, N. C. With a foreword by 
John II. Miisser, B.S., M.D., F.A.C.P., Professor of Medicine, Tulane Uni- 
versity of Louisiana School of Medicine ; Senior Visiting Physician, Charity 
Hospital of Louisiana at New Orleans. W. B. Saunders Co., Philadelphia 
and London, 1944. Cloth with 1,106 pages. 584 illustrations, and 12 color 
plates. 

This new textbook of physical diagnosis differs in at least two ways from 
other similar books now available. First, it was written by twenty-six clinicians 
in addition to the editor; there are many evidences, therefore, of the specialized 
information one would expect when authorship is the work of a group of physi- 
cians rather than of one. Second, it devotes chapters to techniques of examina- 
tions which are usually treated very briefly in textbooks of physical examination. 
There are, for instance, detailed discussions of proper methods for examining 
the skin, the eyes, the ears, nose, and throat, the oral cavity, the breasts, the 
urogenital tract, and the anorectal region. Methods for making an endocrine 
survey are described. Chapters are devoted to psychiatric diagnosis, to special 
problems of pediatric diagnosis, to occupational injuries, and to military prob- 
lems. Endoscopic techniques, like proctoscopy, are described in considerable 
detail. Description of these methods gives the book special value to physicians 
as a reference source. Hospital house staffs should find them most useful. 

In most of the sections, material is presented in a very readable style. 
Illustrations are clear, well chosen, and really instructive. The chapter on the 
examination of the extremities is particularly well done. One wonders, how- 
ever, at the wisdom of providing medieal students with a text book on physical 
diagnosis which devotes only sixty-four pages to examination of the chest, but 
forty-five to examination of the breasts and ninety-eight to gynecologic and 
obstetric diagnosis. There are certain other inconsistencies. Thirteen positions 
are given in which the breasts may be studied, but no mention is made of the 
fact that spleens may often be felt more readily when a patient lies on his right 
side with the left thigh flexed on the abdomen. The inclusion of histologic find- 
ings under conditions where the changes do not contribute to an understanding 
of the attendant physical signs is disconcerting. The same objection applies to 
the listing of certain hematologic data in a discussion of enlarged lymph nodes. 

These criticisms, however, are not meant to imply that the book is not an 
unusually serviceable one. It will undoubtedly be adopted as the standaid text 
in many medical schools. For the general practitioner, the internist, ana t o 
surgeon, the special chapters already mentioned will be partieulaily ' a ua 
guides. 
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CLINICAL AND EXPERIMENTAL 

STUDIES IN HUMAN INHERITANCE 


XXV. Is the Homozvgous Porji of Multiple Telangiectasia Lethal? 


Laurence H. Snvder, Sc. I).," vnd Charles A. Doan, M.D.f 
Columbus, Ohio 


M ULTIPLE telangiectasia lias long been known as a genetic trait, dependent 
upon a dominant hereditary factor. Tiic first family history was presented 
in 1876 by Lcgg. Rendu, in 1896, was the first to associate the presence of 
opistaxis with telangiectatic capillary tufts as a clinical manifestation of a 
distinct morbid entity, and Osier further elaborated on this syndrome five years 
later. 


From time to time summaries of the reported families have appeared, all 
testifying to the dominant nature of the gene concerned. Hanes, in 1909, re- 
viewed fifteen families, including two of his own. Steiner, in 1917, recorded 
twenty-five published cases and added three more. In 1923 Fitz-Hugh was able 
to summarize 212 cases in thirty families, and by 1926 East listed thirty-five 
families. By 1930 there were on record 550 members of ninety families, and 
by 1932, about 600 members of 100 families (Goldstein, 1931, 1932). At the 
present time there arc certainly more than a thousand eases on record, belonging 
to about 150 families. 


Figi and Watkins, in reviewing the Mayo Clinic material recently (1943), 
state that “while the condition at times gives rise to fatal cpistaxis, in general 
it does not inhibit development or shorten the span of life.” The sexes are 
equally affected, and in all but a very few instances the trait is obviously pres- 
ent in one of the parents of an affected individual. There have been occasional 
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instances where neither parent lias shown the telangiectasia (Cockayne, 193', 5), 
but these appear to be the result of internal manifestations only or mutation 
(Roberts, 1940). 

The criteria for diagnosis are generally agreed to be definite, hereditary, 
visible telangiectasia, usually of the nose, tongue, lips, face, or fingers, and 
a tendency to bleed from the lesions spontaneously or on minimal irritation 
(Larrabee and Liftman, 1932). However, the lesions may lie numerous or very 
few, or occasionally none may be found at all (Roberts, 1940). Roberts reports 
a case in which the attacks of epistaxis and the family history were typical, 
but a careful examination revealed only a single visible hemangioma which was 
upon the palate. He also records among thirteen new cases one mutation to 
multiple telangiectasia, the other twelve eases presenting family histories typical 
of the dominant heredity. 

A gene which is completely dominant, produces the same effect when hetero- 
zygous (that is, present only once; inherited from an affected parent, the other 
gene being the normal allele) as when homozygous (present in duplicate; in- 
herited from two affected parents). The gene for telangiectasia could be 
homozygous in any individual only if both parents had the dyscrasia and each 
transmitted the gene to that individual. Nowhere, to our knowledge, has there 
been recorded an instance of the marriage of two persons exhibiting multiple 
telangiectasia. In all instances, at least one of the parents has been normal, 
so that we know only the heterozygous form of the condition and have had no 
opportunity up to now to observe the homozygous form. 

It has hitherto been assumed that the gene for multiple telangiectasia is 
completely dominant. But we have no right to say a priori that the homozygous 
state would be similar to the known heterozygous condition. Genetics is replete 
with examples of genes which, while resulting in viable deviations from normal 
in the heterozygous condition, are lethal in homozygous form. 

In man such genes are known or strongly suspected in minor braehydactyly 
(Mohr and Wriedt, 1919), sebaceous cysts (Munro, 1938), and certain types of 
mental defects (Penrose, 1938). The name semidominant lethal has been given 
to genes of this nature by one of us (Snyder, 1940) to distinguish them from 
typical dominant genes on the one hand and from recessive lethal genes which 
produce no visible effect in the heterozygous state on the other. 

There has recently come before us a case (Fig. 1) which would indicate 
that the gene for multiple telangiectasia is a semidominant lethal gene, the 
homozygous state of which is incompatible with life. This case is, to the best 
of our knowledge, the first recorded instance of an offspring with two proved 
telangiectatic parents.- 

CASE REPORT 


E. A. P., an S-pound white female infant, was born at term by low forceps delivery 
Oet 23 1942, in White Cross Hospital, Columbus, Ohio, the first child of young parents. At 
the time of birth the babv appeared normal in every respect, except for an area approximately 
5 cm. in diameter over the left breast and clavicle in which the superficial vascular bed was 
strikingly dilated. In addition to the prominent larger branches of the vascular tree, the 
arterioles, capillaries, and venules were diffusely dilated, giving an overall hyperemia which 
could be readily obliterated by light pressure over the area. 'I here was no ulceration and 
no other skin or mucous membrane blemish. The attending obstetrician explained tins to 



Snyder and Doan: Studies in 
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i_„„ A F \ s ‘ 1 — a > Generalized multiple telangiectasia in infant 10 weeks, 4 days of age Note 
large ulcerated area involving the neck and left chest. 

__ $» The hemangiomas stand out prominently, surrounded by a lighter halo against a back- 

ground of generalized diffuse cyanosis during crying episodes. 

c * All internal organs, including the brain, showed multiple hemangiomas and hemorrhage. 
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tlie parents ns a “port-wine birthmark,” which roulil lie trcuted at the piopei time and 
which need cause no immediate concern. Tlie mother and baby weie dischaigcd from the 
hospital to tlieir home on tlie second day. 

On the fifth day after birth the mother noticed for the firnt time the appeal anee of 
three small slightly raised “red spots" on the infant's right cheek near the corner of the 
month. By the ninth day five small, pinhead sired, raised, red areas weie present on tlie 
face, and several similar lesions were noted on each hand , the infant continued to be 
mentally alert and was physically veil developed and well nourished. On file twenty-second 
day the infant had developed both vertical and rotary eye coordination and would fix her 
ifoion on n light or any bright object. 

By November IS, when the baby was 211 days old. these red ••putpurie” areas had spread 
sufficiently so that the attending physician rcierred tlie patient to one of us (C. A: D.). 
When seen at tills time the infant was well nounshed, aleit, nnd in no apparent pam or 
distress. The foroiula wns being taken satisfactorily and a satisfactory weight gam had been 
recorded since birth. The skin and mucous membranes did not suggest any anemia; how- 
ever, scattered sparsely over these surfaces were flat or slightly raised, sharply circumscribed, 
bright cherry red subcutaneous areas, langmg in sire from 1 to 3 mm., and in tlie region 
of the left clavicle was a similar but much larger diffusely ltypcremic, purple-red lesion under 
a very thin superficial layer of epithelium. Boll, large and small lesions could be readily 
and completely obliterated by light pressure. There were no true pctcchiao or ecchymoses 
demonstrated anywhere. A detailed analysis, particularly ot tlie larger lesions, e t no 
doubt as to the nature and exteut of the engorgement and dilatation of localized capillary 
tufts responsible for the findings. There was no generalized lympliadenopathy. The heart 
and lungs were normal to physical examination. Ncitliei spleen nor liver could be palpated, 
nnd there were no infill-abdominal masses. Nemologic findings were physiologic. 

Laboratory data at this time showed normal urine and stool; total white blood cells, 
10,300; total red blood cells, 4,700,000; hemoglobin, 12.S Gin.; reticulocytes, 0-tpn c ™ 1 
blood platelets, 932,(1(10 per cubic millimeter, supravital differential of tlie white blood cels: 
polymorphonuclear neutrophiles, mature, actively motile, 35 per cent; cos.noph.les, 1 per cent; 
lymphocytes, small, mature, 59 per cent ; monocytes, matuie, a per cent. There were no 
significant qualitative abnormalities seen in any of the circulating elements. Bleeding and 
coagulation times were normal. A diagnosis was made of “hereditary hemorrhagic 
telangiectasia,” of Bcndu-Osler tvpe, without as vet any hemonlingic manifestations. The 
potential danger of hemorrhage ft on. any skin or mucous membrane lesion was explained 

to the mother. . , . . . 

At 2S days of age the first signs of hemorrhage appeared m urine and stool. The i - 
fant became mote f.ctful and wakeful, and her increased activity and fingernail scratching 
of the large superficial subclnvicular birth lesion resulted in a bieakdown of Ito ikn with a 
slow oozing of blood difficult to control. The telangiectatic foe, became suddenly much 
more numerous on face, hands, arms, legs, palms, and soles of feet. A low-grade fever 
developed and she refused her formula. During crying spells the entire skin of the body 
and the mucous membranes would develop a reddish purple cyanosis, with tlie superimposed 
deeper telangiectatic foci prominently and numerously highlighted ( *ig- 1| '• 

A progressive downhill dinipal course continued at home until Jan. 1, 194-, when ‘ 
baby was admitted to the Hematology Service at University Hosp.ta because of ncreasmg 
weakness, pallor, fever, insomnia, anorexia, vomiting, constipation alternating with blood, 
diarrhea, hematuria, and apparent loss of vision. Admission weight wns 9 pounds, tempera- 
te, 101’ F. (rectallv); pulse, 140i respi.ation, 20. The skin and mucous membranes 
at tins time wore very pale and were literally peppered everywhere, including the scalp, 
with enlarged capillary hemangiomas ranging in size from o mm. o cm. ( ig. , 

*kin over tlie large birth lesion had completely broken down and was covered with a blood 
Hot. Vision was completely lost due to bilateral retinal hemorrhages, and periodically the 
infant would suddenly erv out as though from sadden pain. No new findings were noted 
on physical examination except extreme pallor alternating with a generalized dusky cyanosis 
when crying (Fig. 1, ii) and a marked, diffuse, precordial, systolic murmur presumedly 
hemic in origin. Hcmntology-total white blood cells, 27,800; total ted .Wood ee ls, 
1,770, .not); hemoglobin, li.l On.; reticulocytes, 1.0 per rent; Wood platelets, rer cubic 
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millimeter; supravital differential of tlie white blood cells: polymorphonuclear neutrophilef, 
motile, mature, segmented, 37 per cent; nonsegmented, 31 per cent; metamyelocytes, 1 per 
cent ; myelocytes “C, ” 3 per cent. ; basophiles, 1 per cent ; eosinophiles, 0 ; lymphocytes, small, 
mature, 23 per cent; monocytes, 4 per cent. Urine, negative for albumin and sugar. Micro- 
scopic 2-3 red blood cells per high-power field. Feces, occult blood 'positive. 

Under observation new hemangiomas were seen to develop each day, and existing 
foci tended to enlarge and in some instances coalesce with adjacent tufts. Kodachrome 
records were obtained which showed the lesions before and during crying with the develop- 
ment of the generalized cyanosis with ditfuse widespread capillary bed dilatation already 
mentioned. The formula was adjusted and taken and retained, orange juice and cod-liver 
oil were added, but otherwise little change was noted. 

When the child was discharged from the hospital Jan. 5, 1943, the hematologic data 
were as follows: total white blood cells, 21,300; total red blood cells, 1,440,000; hemoglobin, 
2.3 Gm.; reticulocytes, 0.8 per cent; blood platelets, 406,080 per cubic millimeter; supravital 
differential of the white blood cells: polymorphonuclear neutrophiles, mature, actively motile, 
71 per cent; metamyelocytes, 2 per cent; myelocytes “C,” 2 per cent; lymphocytes, small, 7 
per cent; monocytes, 18 per cent. 

The patient’s condition became steadily worse and death occurred at home 0:00 A.M., 
Jan. 10, 1943, at the age 2 months, 18 days. A post-mortem examination was made at the 
University Hospital 10:00 A.sr. the same date. The body neighed 3,450 Om. The anatomic 
findings and the final histopathologic diagnosis included general malnutrition, multiple 
hemangio-endotheliomas, telangiectases of the skin, mucous membranes, lungs, spleen, liver, 
intestines, kidneys, and brain; ulceration of large telangiectatic area on the upper left chest; 
pulmonary congestion, edema, and atelectasis; congestion of adrenals, kidneys, and brain; 
hyperplastic red bone marrow. In summary, this infant exhibited a fundamental deficiency 
involving solely the vascular tree, more particularly the capillary bed and small venules, with 
the development in utero of one large localized area of pathologic dilatation over the left 
chest. Shortly after birth this vascular defect further manifested itself through the rapid 
development of multiple telangiectatic hemangio-endotheliomas involving the entire super- 
ficial skin and mucous membranes and the majority of the internal organs. Both superficial 
and internal hemorrhages occurred, speedily interfering with normal gastrointestinal and 
urinary functions, with a fatal outcome due principally to the profound anemia which 
resulted. 

DISCUSSION 

The appearance of the infant when first seen by ns, covered as she was with 
multiple, raised, red areas which blanched or completely disappeared under 
pressure, immediately suggested fulminant generalized telangiectasia. Since 
the usual onset is during childhood or adolescence, and since the usual occur- 
rence of lesions is far less extensive and severe than in this instance, it seemed 
possible that this case might represent the homozygous manifestation of the 
gene previously known only in the heterozygous form. 

Accordingly the family was carefully investigated for the occurrence of 
telangiectasia. Fortunately, in addition to the parents all four grandparents 
were living, readily available, and fully cooperative. Examination revealed that 
both parents, the maternal grandfather, and the paternal grandmother exhibited 
classical superficial telangiectatic foci. Neither parent had any past persona! 
history of epistaxis or any unusual bleeding tendency. Both had always been 
in good health, and the father, at the time of the birth of his daughter, was. serv- 
ing" In the U. S. Army. On physical examination eight small (from o to -> 
mm in diameter) telangiectatic foci were found scattered over the surface o 
the skin of the mother and three on the father. No mucous membrane lesiom 
were found, and the readily obliterated telangiectatic capillary tufts m the ski 
showed no tendency to enlarge or hemorrhage. 
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The maternal grandfather of the patiout, 42 years of ago, reported fre- 
quent spontaneous epistaxes following excessive exercise or overheating up to 
16 rears of age. Since then they have occurred much less frequently. On in- 
spection fifteen tclangieetatie foci u ere readily found from (5 to 15 mm. in 
diameter) on face, shoulders, abdominal wall, and buttocks; none could be seen 
in the mucous membranes of the nose or nasopharynx. The paternal grand- 
mother, GO years of age, while having no past personal history of hemorrhage, 
showed twelve typical telangiectatic tufts (from 5 nun to 50 mm. in diameter) 
scattered subcutaneously, over the torso, some raised, others flat, but all readily 
obliterated on pressure; no mucous membrane lesions were seen. 

One paternal uncle of the patient is said to be a “ bleeder/ ' having ex- 
perienced a near-fatal hemorrhage at birth This individual is married and 
lias a normal child but has not been available for direct questioning or examina- 
tion. Three other paternal granduncles have rather severe diabetes mellitus. 



Fitf. 2. — Family history of the patient Solid squares and ciicles represent classical 
IP'® 1 neiectasifi, solid circle with projecting spokes represents the patient, who apparently had 
«ie homozygous lethal rorm of the dyscrasia The patient died at 11 weeks of age. 


Tlie family history is presented in Fig. 2. Inspection of the pedigree will 
at onee reveal the fact that multiple telangiectasia appeared in both sides of 
Hie family, being transmitted in typical heterozygous form until it reached 
tl>e infant under discussion. Here the opportunity was presented for the gene 
to he inherited from both parents and to occur in the homozygous state. The 
added facts that the trait was first manifested during fetal life, followed by the 
rapid development of multiple telangiectasia during the first weeks of life, and 
that the progress and extent of the vascular defect were far more severe than 
the usual manifestations, terminating in early death, support the correctness of 
the assumption that this infant represents the expression of the homozygous 
state of the gene. 

The question of the- occurrence of the same condition in future children 
logically arises. Letting T represent the semidominant lethal gene for telangi- 
ectasia and f represent its recessive normal allele, three genotypes are possible. 
They are TT, resulting in tiie lethal form of the trait; Tt, resulting in classical 
telangiectasia; and tt, resulting in the absence of the dyscrasia. 

The parents of the infant were obviously each of the genotype Tt. Their 
Offspring would he expected to occur in the ratio one TT: two Tt: one tt. The 
eh, Hires of another child being affected with the lethal form of the dyscrasia 
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are thus one in four. The chances of a child in this family having classical 
telangiectasia would he two in four, and of a child being completely unaffected, 
one in four. 

It may be added that there are on record a number of instances of gen- 
eralized telangiectasia in adults. These differ markedly from the present case 
in several respects. The onset is very much later, the' telangiectasia are far 
less extensive, no family history is presented, and the condition is entirely com- 
patible with life. Examples of adult-acquired generalized telangiectasia are 
those of Osier (1907) and Ormsby and Mitchell (1922). 

Osier’s patient was a man of 39, with generalized telangiectasia of trunk 
and extremities of about ten years’ duration. The family history was negative. 
The patient of Ormsby and Mitchell was a 33-year-old woman with a generalized 
telangiectasia of twenty years’ duration, found on face, forehead, neck, chest, 
back, arms, fingers, and palms. 


SUMMARY 

A case is presented of rapidly developing, severe, generalized, multiple 
telangiectasia in a newborn female infant. The condition, beginning in utero, 
was incompatible with life, death occurring at 11 weeks of age. Classical telangi- 
ectatic hemangiomas occurred in the paternal grandmother, the maternal grand- 
father, and both parents. The family history suggests the probability that this 
case represents the first recorded instance of the homozygous form of the dys- 
crasia and that the gene for multiple telangiectasia is lethal when homozygous. 
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SYMPATHOLYTIC TREATMENT OF EXPERIMENTAL 
HYPERTENSION 

John Jacobs, M.D., and Fredrick F. Yoxkmax, Pii.U., M.l). 
Detroit, Alien. 


I N APRIL, 1940, the following statement 1 was made with reference to desirable 
therapy for essential hypertension: "Theoretically, a chemical substance 
capable of neutralizing or inhibiting the action of any vasoeonstrieting agent, 
whether it bo epinephrine, pitnitrin. renin, or sympathin, would be the agent 
of choice. . . . By this moans we may probably treat essential hyper- 
tension.” This statement was predicated upon experimental results obtained 
with yohimbine hydrochloride and ethyl yohimbine hydrochloride which 
demonstrated the anlisympathicomimetic potentialities of these agents. They 




Fie i n — Arterial tension of a dog recorded by arterial puncture and expressed In inilli; 
1 , oC mercury. Note that tension is elevated postoperative!*’ but is decreased by ethyl 
Johlmbine, 3 mg. pet kilogram, and that the nomial hypertensive effect of epinephrine 0.005 
mfn« Cr kllo ^ ram - is reversed by the yohimbine radicle. (Courtesy Chase. Aonkman, and Leh- 


ai ' e antiadrencrgic at vasoconstrictor foci 2 and arc both adrenolytic and sym- 
patholytic for salivation and mydriasis.' The vascular "epinephrine-reversal" 
effect is maintained under these yohimbine salts even in the hypertensive 

Fiom the Department of Pharmacologj and Thei.ipeiitics. Wayne University* 

Received for publication, April 7, 1941. 
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state,'* and it was this fact (Fig. 1) which prompted the present study. It 
was assumed that if yohimbine and its congeners paralyzed sympathetic 
control of the vascular bed after intravenous administration, the same anti- 
sympathetic action might be obtained in hypertensive animals after prolonged 
oral feeding of the drugs. The result then should become manifest by a gradual 
reduction in blood pressure. 


METHOD 

Dogs of both sexes, averaging about 20 Kg. in weight, were anesthetized 
with pentobarbital given intravenously, and their kidneys were encased by 
the Page 5 technique, using oiled silk for envelopes instead of cellophane, since 
the latter was too prone to become fragmented before an appreciable degree 
of constricting fibrocollagenous deposition had been effected perirenallv. 
These envelopes were prepared in advance with purse string sutures so as to 
anchor the jacket loosely around the hilus. They were then autoclaved and 
kept sterile. 

Systolic and diastolic blood pressures were recorded at intervals of from 
five to seven days from the brachial artery with a pediatric cuff, stethoscope, 


Table I 

Experimental Hypertension in Docs 



(Mean Blood 

Pressures 

in Millimeters op Mercury) 


ANIMALS | 

NORMAL 

! 

MAXI- 

MUM* 

minimum 

foi.lowino 

maximum* 

stabilized* 

FINAL 

VALUE OF 
TREATMENT ! 
IN PERCENT- 
AGE OF 
PRESSURE 
| REDUCTION 

REMARKS 

Controls 
Group A 

Group B 

Group C 

99 

9S 

103 

l<i0 

142 

149 

137 

152 

137 

100 

152 

137 


Dummy opera- 
tion ; kidneys 
stripped hut 
not wrapped 
Operated b u t 
unmedicated 
Operated b u t 
unmcdicated 

Medicated 







Received 20 mg- 
per kilogram 
of yohimbine 
hydrochloride 

for 35 days 

Group D 

101 

105 

159 

100 

121 

24 


Group E 


99 


Group F 102 


Group G 


151 


MS 


15C 


Ml 


145 


150 


144 


147 


151 


j;:2 


142 


351 


per kilogram 
0 f yohimbine 
hydrochloride 
for 33 days 
Received 20 mg- 
per kilogram 

0 f yohimbine 

hydrochloride 
for 23 days 
Received 20 mg. 
per kilogram 
of yoliimbim' 
hydrochloride , 
for IT days 


‘Prior to treatment. 
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awl ancrtm 1 manometer* .All control and expoiitiionUd pressures wove vend by 
(he same individual sifter the dogs were t mined to mount a stairway ami lie 
quietly mi rest rained for from Jiflecii to Ihirly minutes upon a padded table. 

Food, miter, siml exercise were permitted ad hint mu. Medication con- 
sisted of yohimbine hydrochloride 1, in a dose of 20 mg. per kilogram daily; it 
was administered orally in capsule form for varying periods of time after the 
hypertensive level hud become stabilised for ten days or more. 


Experimental Hypertension in Untreated Dogs 



Fig. 2 

Experimental Hypertension in Treated Dogs 


cn 



Postoperative days 

f»pt. 3. 


RESULTS 

More than Uveutv dogs were employed in this project but some failed to 
survive long enough (o hoof much value from the point of view of evaluating 
'■feilment. This was especially true for those animals in which both kidneys 
i’ad been encapsulated. Hypertension developed so rapidly and so severely in 
(), esc that death not infrequently occurred in three or four weeks after sur- 
Hence, unilateral envelopment was resorted to. Table I presents tiie 
•Adequate supplies were made available by Metcfe & Co., Inc., Raliwij, X- J, 
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data on seven dogs, three of which served as controls and four as experimental 
subjects. One of the control dogs (A) was operated in the same manner as the 
other dogs except that after the perirenal adnexa had been stripped, no oiled 
silk envelopes were placed around the kidneys. This animal’s mean blood pres- 
sure remained stabilized at approximately 100 mm. Hg. Dogs B and G became 
hypertensive following renal encasement, their mean blood pressures stabilized 
at 152 and 137 mm. Hg, respectively. They received no treatment and served 
as controls for the medicated animals, Dogs D, E, F, and G, whose pressures 
stabilized at 160, 144, 147, and 151 mm. Hg, respectively. Reduction of blood 
pressure occurred in three of these medicated hypertensive dogs, but in only 
two (D and E) was the decrease of significance, 24 per cent reduction in Dog 
D and 8 per cent in Dog E. It is problematic whether sustained medication 
might have effected further pressure reduction in all dogs, especially in E and 
F. This could not be determined.® Data are charted in Figs. 2 and 3. 

Initially, the total dose of 20 mg. per kilogram of yohimbine hydrochloride 
was given in one administration. This brought on severe symptoms of weak- 
ness, incoordination, partial paralysis, salivation, panting, genei’al restlessness, 
and suggestions of apprehension from about, thirty to forty minutes after inges- 
tion. These reactions are typical of acute hypotension ; they endured for about 
forty-five or sixty minutes, and their severity necessitated division of the medi- 
cation into three daily doses of 7 mg. per kilogram each. Later, two doses of 
10 mg. per kilogram were given, and, finally, the original 20 mg. dosage was 
well tolerated. Hence, it seems that a degree of tolerance is developed to cer- 
tain actions of this alkaloid. 


DISCUSSION 

Hypertension developed by the Page technique can be reduced by an anti- 
adrenergic vasodilator such as yohimbine. Tin's reduction is not uniformly pro- 
duced and it varies in degree with this type of therapy. Final conclusions re- 
garding the evaluation of such treatment in terms of the percentage drop in 
blood pressure per animal as well as the incidence of significant decreases in 
the group treated await further investigation. 

The pharmacologic action of yohimbine in Ibis situation lias as yet not been 
determined. Whether some break in “Page’s humoral sequence’’ is produced 
by release of renal ischemia, inhibition of renin, or dampening of angiotonin’s 
effect is a moot point. It can be stated, however, that the latter does not. 
seem probable, since in acute vascular studies 7 yohimbine does not interfere 
with the normal vasoconstrictor action of angiotonin. Thus, it would seem 
plausible that vasoconstrictor tone may be lessened, either by a direct nitritelike 
action or, more probably, by an antiadrenergic or sympatholytic action in rela- 
tion to neural vasoconstrictor control of blood vessels. 3 ’ 7 Epinephrine-reversal 
experiments in this series of hypertensive dogs were not done because of the 
hazards associated with acute hypotension induced by this procedure. Tins 
experiment is contemplated in our next series and further light on the nature 
of yohimbine's action in this hypertensive state should be forthcoming. 


•John Jacobs entered the U. S. Army Aug. 16. 1943, 
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SUMMARY 

1. Yohimbine hydrochloride, 20 mg. per kilogram when orally admin- 
istered, reduces the mean arterial tension of dogs rendered hypertensive by the 
Page technique of perirenal envelopment. 

2. Reduction of arterial tension was effected in three of four dogs. One 
was of real significance, another of some, and the third was inconsequential; 
these appraisals were made after thirty-live, thirty-three, and twenty-three days 
of medication, respectively. Sustained medication for longer periods would 
be desirable. 

3. The locus of yohimbine's pharmacologic action in this type of hyper- 
tension is probably in the neuromuscular receptors associated with sympathetic 
vasoconstrictors and is probably antmdrenergie or sympatholytic in nature. 
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TOXICITY OP YOHIMBINE HYDROCHLORIDE 


Fredrick F. Yonkman, Ph.D., M.D. - 
Detroit, Mich. 


Y OHIMBINE is said to be less toxic than cocaine, 1 bnt data regarding chronic 
toxicity during prolonged feeding are not available. Procurement of these 
data seemed desirable because of the potential value of this alkaloid in experi- 
mental treatment of hypertension, particularly of the neurogenic type. It is 
conceivable that vascular spasticity may be released by yohimbine since this 
drug is sympatholytic 2 as well as adrenolytic. 3 Should the drug be too toxic, 
however, clinical trial would have to be discouraged despite the nicety of one’s 
therapeutic rationale. 

3IETHOD 

Young white rats of both sexes were divided into four groups of four each 
with at least one male or female appearing in each group for breeding purposes 
during the first experiment. Sexes were separated in the four groups utilized 
for the second experiment. A basic ration consisting of Steenbock's diet was 
fed ad libitum, and yohimbine hydrochloride* was added to the drinking water 
bottles and was likewise permitted ad libitum. Control rats (Groups A and E) 
received tap water and experimental rats (Tables I and II) received yohimbine 
in tap water as follows: Group B, 1:40,000; Group C, 1:80,000; Group D, 
1 .-54,000 ; Group F, 1 :10,000 ; Group G, 1 :5,000 ; and Group H, 1 .1,000. Fresh 
solutions of yohimbine were made every two or three days because of the sup- 
posed instability of the solution. 1 All rats were weighed individually at six- 
or seven-day intervals, but the average weight of each group of animals was 
chosen for charting purposes in presenting the growth curves. Careful watch 
was made for any signs or symptoms which might indicate toxicity, and the 
average daily -water consumption was determined on two occasions, six weeks 
apart. 

One animal selected at random from Groups A, B, C, D, E, F, G and the 
lone surviving animal in group II were autopsied by Dr. Mark Maun, of the De- 
partment of Pathology. 

RESULTS 

Growth curves of the experimental rats in the first study, which lasted for 
thirteen weeks (Fig. 1), indicate that the growth of animals which were per- 
mitted access to yohimbine in concentrations of 1:80,000, 1:54,000 and 1:40,000 
compared favorably with those shown by the controls. Reproduction was ap 

‘Yohimbine hydrochloride was generously supplied to ns by Merck & Co.. Inc., Ralnvaj. 

X J. ami will be referred to in this paper as yohimbine. , 

From the Department of Pharmacology and Therapeutics. Wayne University Coins 

^'^Acknowledgment is hereby made to Mr. Elmer Fisher, technician, for his cooperation >" 
this project. 

Received for publication. May S. 191 1- 
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Table I 


Yohimbine Feeding Studies in White Rats 
(Feeding Begun 11/1.3/41; Autopsies Performed 2/16/42) 


WEEKS 

GROUPS {WEIGHT IN GM.) 

REMARKS 

A 

CONTROLS 

B 

1:40,000* 

c 

1: SO, 000* 1 

D 

54,000* 

1 

127 

107 

118 

10S 


o 

167 

112 

126 

114 


3 

172 

143 

153 

140 


4 

189 

155 

171 

142 


5 

20S 

16S 

197 

153 


6 

242 

204 

206 

184 


7 

253 

208 

210 

196 


S 

252 

209 

OOP 

221 


9 

266 

221 

229 

190 

2 of 4 rats in Group D had normal litters 

10 

265 

203 

209 

205 

1 of 4 rats in Group B had a normal litter 

11 

247 

186 

211 

219 

1 of 4 rats in Group A had a normal litter 

12 

254 

217 

237 

22?. 


13 

259 

229 

242 

220 

1 of 4 rats in Group D had a normal litter 


•Conccnti atlon of yohimbine in drinking: watet . 


Table II 

Yohimbine Feeding Studies in White Rats 


(Feeding Begun 2/13/42; Autopsies Performed 5/25/42) 


WEEKS 


a 

REMARKS 

1 

61 

55 

69 

60 



50 c.c. 

33 c.c. 

27 c.c. 

6 c.c. 

Daily water consumption per rat 

2 

63 

49 

58 

43 


3 

74 

69 

76 

64 

2 of 4 animals died; rats in groups F, 






G, and II all drink less water but cat 






more than control rats 

4 

103 

91 

93 

68 


5 

119 

103 

99 

63 


6 

142 

105 

107 

80 

Third of 4 rats died 


48 c.c. 

35 c.c. 

30 c.c. 

5 c.c. 

Daily water consumption per rat 

< 

171 

120 

141 

00 


8 

182 

134 

142 

60 


9 

198 

138 

157 

63 


10 

230 

147 

171 

66 


11 

241 

178 

180 

85 


12 

247 

179 

183 

87 


13 

228 

179 

191 

100 


14 

214 

188 

181 

9S 



•Concentration of yohimbine in drinking water. 


patently not interfered with, since in two groups, B and D, litters appeared 
as ill control Group A. In Group D a total of three litters appeared. All rats 
seemed to be in good health and tlieir habits were normal. 

Growth curves of the experimental rats in the second study, which extended 
through fourteen weeks (Fig. 2), indicate that yohimbine in concentrations of 
1 :10, 000 and 1 :5,000 were quite well tolerated, but a concentration of 1 :1,000 
"■as definitely detrimental to growth In the latter group (H, 1 :1,000) two of 
four rats died during the third week and another during the fifth week of the 
experiment. Water consumption studies revealed that less water was consumed 
as tlie concentration of yohimbine was increased. At no time did the members 
oi Group II appear at full vigor, and members of Groups F and G seemed to 
have lost some of tlieir usual vigor during the last three or four weeks. 
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Gross and microscopic examination revealed no significant deviation from 
the normal In only one animal (the lone survivor of Group H, 1:1,000 con- 
centration of yohimbine) were there any aberrant findings which might he at- 
tributed to the medication. The pathologic report follows: 


YOHIMBINE FEEDING STUDIES IN WHITE RATS 



Weeks 

Fig. 1. 


YOHIMBINE FEEDING STUDIES IN WHITE RATS 



Fig. 2. 

Gross Examination .— The tissues appeared grossly normal at autopsy. 
Microscopic Find inys.—. Liver: Sections showed a very slight fatty meta- 
morphosis uniformly scattered throughout the liver. Kidneys: Sections showed 





YONKMAX: TOXICITY Or YOHIMHINK HYDROCHLORIDE 


1225 


the glomeruli to bo normal. A few collections of lymphocytes were seen about a 
few of them. A few of the cells of the convoluted tubules showed slight 
hydropic changes. 

Comment . — The changes in the organs might possibly have been due to a 
medicament but, if so, wc would have to consider them to he extremely minimal. 
Similar findings are often found in animals without explainable causes. 

Diagnosis . — -Mild fatty metamorphosis of the liver. 


discussion 

Yohimbine seems to be fairly well tolerated m \arying concentrations until 
.1 1:1,000 proportion is fed ad libitum. Only one rat of four on this concentra- 
tion survived the fourteen-week feeding period Since yohimbine solution was 
taken in such sparing quantities (5 e.c. per day), one surmises that (1) dis- 
taste for the bitter alkaloid may have been responsible lor the relative dehydra- 
tion and ,(2) the latter in turn may ha\e accounted for the slow and rather 
meager gain in weight in the lone survival in (*roup II This is consistent with 
the autopsy findings, since the kidney, liver, and all other organs seemed to be 
essentially normal. In other words, yohimbine, when fed in the concentrations 
here employed, does not seem to be significantly histopathologic in white rats. 

Appearance of three normal litters from rats led on concentrations of 
1 :10,000 and 1 :54,000 suggests that the drug does not affect reproduction in 
these concentrations. 

' Yohimbine solutions ingested in concentrations of 1 :5,000 and 1 :10,00() 
exerted no obvious toxic effect. This observation suggests that clinical trial 
with comparable doses per os or with porportionately smaller amounts paren- 
terally might be made. Extreme caution should be exercised however in giving 
such a potent vasodilator in man. 

SUMMARY AND rONCI.USION 

Yohimbine, fed ad libitum to rats in drinking water, seems to be nontoxic 
for over three months except when the concentration in the water is increased 
to 1:1,000. On higher dilutions growth and vigor are generally maintained at 
Rood levels and habits are normal. Autopsy findings are essentially normal. 
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NUTRITIONAL MACROCYTIC ANEMIA IN PATIENTS WITH 
PELLAGRA OR DEFICIENCY OF THE VITAMIN B 

COMPLEX 


Carl V. Moore, M.D., R, Vilter, M.D., V. Mixnich, M.S., and T. D. Spies, M.D. 


HP HE macrocytic anemia which occurs in some patients with pellagra or other 
A vitamin B complex deficiency states has not been thoroughly studied. Very 
little definite information about its pathogenesis has been accumulated. No 
assays of the gastric contents for intrinsic factor or of the liver for antiper- 
nicious anemia factor have been reported. It has been determined that pa- 
tients with pellagra without a significant degree of macrocytic anemia have in- 
trinsic factor in their stomachs 1 and that the liver of a patient who died of un- 
complicated pellagra before any treatment had been instituted contained the 
antipernicious anemia substance , 2 but these observations cannot be accepted as 
applying to subjects who have macrocytic anemia in addition. The suggestion 
has been made that the anemia may be caused by a dietary deficiency of Castle’s 
extrinsic factor 3 - 4 and in this regard possibly be similar to the nutritional macro- 
cytic anemia found in tropical 5 - 12 and, more rarely, temperate zones . 13 ' 18 - 27 
Because achlorhydria and diarrhea are common attendant manifestations, sharp 
clinical differentiation of the anemia from addisonian pernicious anemia and 
from nontropical sprue has been difficult . 1 "' 22 

The investigations reported in this communication were undertaken as a 
study of the pathogenesis of the macrocytic anemia of pellagra. They demon- 
strate that there is a dietary deficiency of extrinsic factor associated in many, 
but not all, instances with poor absorption from the intestinal tract. Inadequate 
production of intrinsic factor was probably a contributing influence. Niacin, 
thiamine, riboflavin, calcium pantothenate, pyridoxine, inositol, para-aminoben- 
zoic acid, and choline had no therapeutic value in correcting the anemia, even 
though they were given in combination both orally and parenterally. Admin- 
istration of highly purified liver extracts, however, caused prompt hematologic 
and clinical improvement. It is suggested that the anemia is apparently more 
frequent in those regions of the United States where vitamin B deficiencies are 
endemic than is commonly realized. Its clinical manifestations are described 
and its relationship to sprue, tropical macrocytic anemia, and pernicious anemia 
are discussed. The cytologic characteristics of peripheral blood and bone mar- 
row were found to be indistinguishable from those of addisonian pernicious 
anemia. 
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1. MATERIAL AND METHODS 


From 1940 to 1943, fifty-six patients with macrocytic anemia were observed 
in the Nutrition Clinic of the Hillman Hospital From this group, twenty-five 
patients were selected for special study; their erythrocyte counts were under 
3.0 million cells per cubic millimeter, and their diets had been grossly deficient 
in animal protein and the vitamins of the R complex for years. These subjects 
usually also had glossitis, pellagrous dermatitis, cheilosis, or peripheral neuritis. 
Complete medical and neurologic histones were always taken and physical and 
neurologic examinations performed. The dietary history was obtained and 
analyzed.* Red and white blood cell counts were done on peripheral blood 
with pipettes and counting chambers certified by the TJ. ft. Bureau of Standards. 
Hemoglobin was determined as oxyhemoglobin with the Evelyn photocolorim- 
eter.* 3 Hematocrit determinations were made on oxalaled venous blood (potas- 
sium oxalate, 4 mg., and ammonium oxalate, 6 nig per 5 c.c blood) centrifuged 
for thirty minutes in a 'Win t robe tube at 3,000 r p m Reticulocyte and plate- 
let counts were made bj- the wet technique, using Danmshek ’s method. 24 Fixed 
reticulocyte preparations also were made each day 25 Cover slip preparations 
for cytologic study of capillary blood and sternal marrow were stained both 
with Wright-Gicmsa and supravital stains. The bone marrow specimens were 
obtained by sternal aspiration. 

Gastric secretions were obtained for analysis both before and after his- 
tamine. The analyses! were repeated every six to twelve months whenever 
achlorhydria was found on the first determination. Roentgenologic examination 
of the gastrointestinal tract was performed in each patient. Stool specimens 
were examined repeatedly for occult blood, ova, parasites, and pathogenic bac- 
teria in all instances, and for fat and fatty acids in five patients. 

Icteric indices were estimated in nine patients, and scrum iron determina- 
tions were made in fourteen. 26 Intravenous and oral glucose tolerance curves 
were established for two subjects. 

Detailed case summaries for all patients on whom data arc presented in 
graphic form are given at the end of the paper. 


2. CHARACTERISTICS Or THE ANEMIA 

As in sprue and tropical macrocytic anemia, the anemia was cytologically 
indistinguishable from true addisonian pernicious anemia. Red blood cells were 
macrocytic (mean corpuscular, volume, 105 to 163 cubic microns) and either 
normochromic or slightly hypochromic (mean corpuscular hemoglobin concen- 
tration, 27 to 3S per cent) (Table I). They showed marked anisocytosis, poikilo- 
eytosis, and polychromatophilia (Fig. 1). An occasional nucleated red blood 
cell was found in the peripheral blood. Neutropenia and thrombocytopenia 
were characteristic findings. Nuclear liypcrscgmcntation of both neutrophiles 
and eosinophiles was the rule. Initial reticulocyte counts were usually low. 

The sternal bone marrow was thick, red, and gelatinous; it contained only 
small amounts of fat. Microscopically, the marrow preparations appeared very 


tones ' T fl e aut hors are indebted to Miss Jean Grant for her help in obtaining the diet his- 

td tBy Springer and Mrs. Jane Mann, to whom the authors wish to acknowl- 

se their indebtedness. 
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cellular and the usual 2 to 1 or 3 to 1 predominance of myeloid over crythroid 
elements was altered in favor of an approximately equal distribution between 
the two forms of blood cell progenitors (Table II). There was, furthermore, a 
shift to the younger forms of nucleated ervthroid cells with many mcgaloblasts 
and early ciythroblasts. Megakaryocytes were present in cither normal or 
slightly reduced numbers. 

As will be emphasized later, the laboratory data obtained on these patients 
with macrocytic anemia differed in three ways from that usually found in per- 
nicious anemia: (1) hydrochloric acid was usually present in the gastric juice; 
(2) the icterus index was within normal limits; and (3) the serum iron was usu- 
ally not elevated. 27 



p, £* 1 — Photomicrograph of peripheral bloody /Urn obtained from G. H. W. prior to therapy 
3. PATHOGKNESIS OF THE ANEMIA 

With few exceptions, patients were hospitalized whenever they were used 
for detailed study. They were permitted freedom of the wards if they felt 
well enough to he out of bed. Rigid control of their food intake was maintained 
at all times. 

A. Evidence for an Extrinsic Factor Deficiency . — The diets of all patients 
included in this series had been deficient in animal protein for years. Any 
accurate estimation of the amount of extrinsic factor present in their diets was 


Differential Bone Marrow Counts on Ten Patients With Nutritional Macrocytic Anemia 
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impossible, however, because so few foods have been assayed for extrinsic factor 
activity. Known sources of the nutrient include beef muscle, 28 milk, 28 eggs, 50 ' 31 
liver, 32 yeast, 33 and rice polishings and wheat germ. 34 All of these foods are 
also excellent sources of the vitamin B complex. Therefore, if it is true that 
extrinsic factor is usually associated in nature with the B vitamins, it is reason- 
able to assume that these patients, most of whom had clinical evidences of 
avitaminosis B, may also have had a deficiency of extrinsic factor. 


Table III 


TROT. CALCIUM IRON 

(CM.) CAh ’ (CM.) (MG.) 


VIT. A 
(I. U.) 


THI- RIBO- ASCORBIC 

AMINE FLAVIN ACID 

(MG.) (MO.) (MO.) 


Diet A 

(Included hominy grits, biscuits, butter, salt pork, karo syrup, sugar, dried apples, 

blaek-cyed peas) 


Original diet 

24 

2319 

.079 

1.037 

4S9 

.5 

.045 

2.5 

First revision 

35 

3010 

.109 

2.045 

492 

.8 

.045 

2.5 

Second revision 

37 

3408 

•11G 

2.205 

491 

.8 

.045 

2.5 


Diet B 

1. No meat, fowl, or fish; no meat soups or meat gravies 

2. Not more than 1 egg and 2 glasses of milk daily 

3. As much ns desired of all other foods 


In an attempt to study tins possibility, five patients (Cases 1 to 5) with 
a macrocytic anemia of less than 2.5 million red blood cells per cubic millimeter 
were given 200 Gm. of ground beef muscle daily for a period of from seventeen 
to twenty-seven days. This amount of beef muscle was shown by Castle and his 
associates 28 ' 53 to contain enough extrinsic factor to produce a reticulocyte re- 
sponse when added to 150 c.c. of norma! human gastric juice and fed to patients 
with pernicious amenia in relapse. Four of these five subjects had free hydro- 
chloric acid in the gastric juice; the fifth (Case 1) had a histamine refractory 
achlorhydria hut was found one year later to have free acid when the analysis 
was repeated. As soon as hospitalization was instituted, the patients were given 
a very restricted diet calculated to be deficient in all the vitamins of the B 
complex (Diet A, Table III). A control period of a week or more preceded the 
period of beef muscle administration in each instance. The meat was fed either 
midway betweecn breakfast and lunch or midway between lunch and the 
evening meal. A reticulocyte rise of from 5 to 15 per cent occurred in each 
subject; peak values were reached on the tenth to the fourteenth day. A charac- 
teristic response is illustrated in Fig. 2. In no instance, however, did the 
erythrocyte count show a significant rise. Observations were complicated by a 
number of factors. Glossitis was so severe in several patients as to make it diffi- 
cult for them to take even fluids. To relieve these symptoms, it was necessary 
to give therapeutic amounts of niacin amide (J. S., Fig. 2). Pre-existing diar- 
rhea was aggravated by the raw beef muscle, and the diet was so restricted that 
subjects objected to it vigorously. Furthermore, a moderately severe upper 
respiratory infection developed in caeli of the five patients during or immedi- 
ately after the reticulocytosis. All of these factors may have combined to 
eliminate any erythrocyte increase that might otherwise have been obtained. 

In order that some of these difficulties might be eliminated and the study 
he made more conclusive, a second series of observations was made. Six pa- 
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Table IV 

Composition of the Mixture of Crystalline B Vitamins Given Daily for Ten Bays to 
Six Subjects (Cases 9 to 14) 



ORALLY 

INTRAVENOUSLY 

Niacin (rag.) 

200 

50 

Thiamine (mg.) 

100 

50 

Riboflavin (mg.) 

10 

5 

Calcium pantothenate (mg.) 

20 

10 

Pyridoxine (mg.) 

20 

10 

Inositol (rag.) 

20 

10 

Para-aminobenzoic acid (mg.) 

20 

10 

Choline (mg.) 

20 

10 


tients were again selected ( Cases 9 to 14) . Four had free hydrochloric acid in 
the gastric secretions; the fifth and sixtli had a histamine refractory achlor- 
hydria but were later shown to have a return of free acid. A more liberal diet 
was permitted (Diet B, Table III), but it, too, contained no lean meat, liver, 
kidney, or cheese; one egg and two glasses of milk per day were permitted. 
During a control period of at least ten days, each subject was also given both 
orally and parenterally each day the amount of the crystalline B vitamins in- 
dicated in Tabic IV. Since no reticulocytosis developed, the control period 
served to establish the fact that none of the vitamins used possessed any ex- 
trinsic factor activity. This observation is in accord with that published recently 
by Castle and co-workers. 58 It also showed that the more liberal diet did not 
contain enough extrinsic factor to produce a reticulocyte response. Many of the 
associated clinical manifestations of avitaminosis were relieved by the vitamin 
therapy so that the subjects became more comfortable. The diarrhea was not 
entirely controlled by the vitamin administration, however, even though large 
doses of niacin or niacin amide were given during the whole period. Instead 
of using raw beef muscle, a fat-free 80 per cent alcoholic extract of beef was pre- 
pared according to the method of Formijne. 5 ’ Enough extract was given be- 
tween meals each day to be equivalent to 250 Gm. of beef. In several instances, 
twice this amount was fed for a portion of the time. The extract was more 
palatable than the raw beef muscle and caused less gastrointestinal discomfort. 
Reticulocytosis occurred in each case with peak values of from 7 to 31 per cent 
being reached on the seventli to the nineteenth day of therapy. There was con- 
comitant subjective clinical improvement with increased appetite, a feeling of 
well-being, and lessened fatigue. Administration of beef extract was continued 
for as long as fifty days until an unequivocal rise of from 500,000 to 1,000,000 
red cells per cubic millimeter had occurred (Fig. 3). 

In several instances irregular rises in the reticulocytes developed so that 
two peaks were observed. The data obtained on C. O’B. (Fig. 4) illustrates this 
Well. In this man an initial reticulocytosis of 19 per cent occurred. After 
fifteen days he was given the extract with meals in the hope that (he gastric 
secretion stimulated at these times would cause more intrinsic factor to be pro- 
duced and lead to a secondary response. A secondary reticulocyte rise to 31 
per cent did occur, but it developed too rapidly to make it probable that the 
change in time of administration of the dxtract had anything to do with pro- 
ducing the result. 
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Theie seems little room for doubt that the beef muscle and its alcoholic ex- 
tract contained some substance, presumably extrinsic factor, which induced a 
partial hematologic and clinical remission. Since beef muscle is an excellent 
source of the extrinsic factor, the conclusion seems justified that a deficiency of 
this substance probably existed in these patients. 

B. Evidence of Poor Absorption From the Gastrointestinal Tract. — The 
piesence of a persistent or intermittent diarrhea of long duration in most of the 
patients made it also appear likely that there was deficient absorption from the 
intestinal tract. Evidence to support this probability was more difficult to obtain. 
However, in nine of the ten subjects mentioned previously, daily injection of 
from 4 to 8 U.S.P. antipemicious anemia units in the form of highly purified 
liver extracts* (given after the response to beef muscle had occurred) pro- 
duced additional reticulocyte elevations and, in eight patients, a marked ac- 
celeration in the rate of red blood cell rise (Figs. 2 and 3). This result ad- 
mittedly could have been caused by poor absorption, by inadequate production 
of intrinsic factor by the patients, or by a combination of these two factors. 
Enough beef extract was supplied in the second series to make it seem likely 
that in these patients at least, an adequate supply of extrinsic factor was avail- 
able. 


Two additional observations make it appear probable that deficient absorp- 
tion contributed to the suboptimal therapeutic results. T. G. (Fig. 5) developed 
a reticuloeytosis of onty 7 per cent following the daily ingestion of extract pre- 
pared from 500 6m. of beef. A similar amount of extract was then added each 
day to 125 c.c. of normal human gastric juice and fed for fourteen days. A sec- 
ond small reticuloeytosis occurred. During a third period, 1.5 units of oral 
liver extract* were given without any detectable effect, but when this was fol- 
lowed by the parenteral injection of liver extract, a third reticulocyte response 
was observed. In several other patients the oral administration of 2 units of 
liver extract! daily for fourteen days caused submaximal reticulocyte eleva- 
tions so that secondary increases resulted when liver extract was subsequently 
given intramuscularly (Fig. 6). The parenteral doses were unfortunately larger 
than those which had been used orally, but the fact remains that the amounts 


given by mouth were great enough that they should have produced maximum 
hematologic responses. There is evidence, therefore, that deficient absorption 
may have contributed to the production of macrocytic anemia in some of the 
patients. 

0. Intrinsic Factor Production.— The very fact that these individuals re- 
sponded to the administration of beef muscle or its extract indicates that the 
gastric mucosa was elaborating enough intrinsic factor to produce at least a 
moderate amount of erythrocyte maturation factor. In addition, however, 
c c . of gastric juice were obtained daily for ten days from two of the subjects 
(Cases 3 and 11) and added to 200 Gin. of raw beef muscle in one case and to 
the extract from 250 Gm. of meat in the other. The mixture was fed in each in- 
stance to two patients with addisonian pernicious anemia. Reticulocyte re- 
sponses of 14.5 and 12.8 per cent, respectively, developed in the two test patients. 

•Either as Reticulouen or as Purified Liver Extract, obtained from Eli Lilly and Co., 

containing 20 U.S.P. units per cubic centimeter. 

■fHepovex, Ell Lilly and Co. 
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The presence of intrinsic factor in the gastric secretions of these two subjects, 
therefore, was proved by biologic assay. 


As was emphasized in the previous section, the snbmaximal responses which 
followed administration of beef nuisc’c or its extract may have resulted, in part, 
because the amounts of intrinsic factor elaborated by the gastric mucosa of these 
patients was less than normal. The actual production of erythrocyte maturation 
factor may have been inadequate, therefore, even when enough extrinsic factor 
was ingested. Castle and Rhoads were able to show that this was occasionally 
true in sprue. 3 ’ Tiie observations made on G. II. \V. (Case 9) indicate that at 
least in some of these patients production of intrinsic factor was inadequate. 
Tliis man developed a moderate reticulocyte response when he was given the 
extract from 250 Gm. of beef muscle daily; a second rise occurred after the 
dose was doubled (Pig. 7). During a third period the same amount of beef 
muscle was fed each day together with 100 ec of normal human gastric juice; 
a third reticulocyte elevation was obtained. This result indicates that his own 
stomach had not been producing enough intrinsic factor to utilize the extrinsic 
factor being provided to him. It is interesting that still a fourth reticulocyte 
response followed the parenteral administration of liver extract. In this man, 
then, three factors were probably participating in the pathogenesis of the 
anemia: (I) deficient intake of extrinsic factor; (2) inadequate production of 
intrinsic factor; and (3) poor absorption from the gastrointestinal tract, 

D. Response to Highly Purified Liver Extracts . — It is important to empha- 
size that whenever the therapeutic response to oral therapy was stiboptimal, 
the patients all responded with secondary reticulocyte rises when liver extract 
was given intramuscularly. The rate of red blood cell regeneration, further- 
more, was almost always accelerated after injections of the extracts had been 
made. This observation is of interest since observers in India and Macedonia 
have reported that purified liver extracts (anahaemin*) are not regularly ef- 
fective in the treatment of patients with nutritional (tropical) macrocytic 
anemia,"- 43 while crude liver extracts given either orally or parenterally and 
autolyzed yeast fed by mouth produce excellent remissions.’ 1 '• 81 *• 1,1 121 11 'Wills 41 
has suggested that some factor of therapeutic importance is present in the crude 
extracts and autolyzed yeast in addition to extrinsic factor. She believed this 
second factor was lacking in the more highly purified liver extracts, like ana- 
haemin, ordinarily used for the treatment of addisoninn pernicious anemia. 
More recently, however, other observers have found anahacmin therapeutically 
effective although large doses were required '• "• * 2 ‘" Since the patients studied 
in the present investigation responded quite satisfactorily to the injection of the 
most highly purified liver extracts then available, one must conclude either that 
(1) the nutritional macrocytic anemia found in the United States among pa- 
tients with pellagra or other vitamin B complex deficiency states differs in some 
fundamental way from the nutritional macrocytic anemia seen in India, or 
that (2) the purified liver extracts used here contained the hypothetical sub- 
stance not found by AVills in anahaemin. Available data are not sufficient to 
justify a more definite statement. 


, , •Anahaemin (British Drug House) Is prepared by tire method of Dakin and West and 
during preparation 13 completely precipitated with 09 per cent alcohol and taken through two 
ammonium sulfate fractionations and one remediate. Two cubic centimeters of anahaemin 
contain the equivalent of 450 Gm. of original wet liver. 4 ® 
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E. Summary of the Studies on the Pathogenesis of the Anemia. — The 
pathogenesis of this form of nutritional macrocytic anemia, therefore, seems 
to depend on the existence of a prolonged dietary deficiency of extrinsic factor 
associated in many instances with poor absorption from the intestinal tract and/ 
or inadequate production of intrinsic factor by the gastric mucosa. Final proof 
cannot be obtained until pure extrinsic factor has been isolated and its effect 
tested on patients with similar anemia. 

4. CLINICAL DESCRIPTION OF THE SYNDROME 

A. Clinical Manifestations. — The ages of the patients with nutritional mac- 
rocytic anemia at the Nutrition Clinic of the Hillman Hospital varied from 
34 to 80 years, but in the great majority of instances the age was greater than 
50. The disease was observed only in white subjects and occurred three times 
as frequently in men as in women. Many of the men were bachelors or widow- 
ers. This fact suggests that their normally poor diets may have become even 
more deficient when the men were forced to cook for themselves. In all cases 
the diets had been grossly deficient in animal protein for years; one or two eggs 
a day or a glass of milk usually furnished the only animal protein consumed. 
No definite statement can be made about its incidence The Nutrition Clinic of 
the Hillman Hospital draws patients for a radius of 100 miles. It cannot be a 
common disease in this region, therefore, but probably occurs more frequently 
than it is recognized. For reasons to be given later, it may readily be confused 
with addisonian pernicious anemia. 

Clinical manifestations of the anemia per se could not be separated sharply 
from those caused by other deficiency states. In most cases, suberitical de- 
ficiencies of niacin, thiamine, or riboflavin had existed for many years with 
relapses occurring in spring and fall. Often the exacerbations of glossitis, 
dermatitis, epigastric distress, diarrhea, cheilosis, or peripheral neuritis had 
been associated with weakness, pallor, dizziness, tinnitus, and shortness of 
breath. This history suggested that the anemia may also have occurred pre- 
viously. After many years of remissions and relapses, the weakness, dizziness, 
pallor, shortness of breath, and diarrhea became so distressing that the patients 
sought hospital aid. Physical manifestations were related chiefly to the skin, 
gastrointestinal tract, cardiovascular system, and the peripheral nerves. 

Pellagrous dermatitis was present in eight patients and cheilosis as well as 
erosions of other mucocutaneous junctions in seven. In all patients the skin of 
the arms and legs was hyperpigmented, roughened, and dry. Irregular, 
coalescing lines of pigmentation following a vascular pattern (erythema abigne 
of “fire burns”) were common. The skin never had the fine texture and lemon 
tint seen in pernicious anemia. 

All but two patients complained of persistent diarrhea for months before 
admission. The stools were loose, watery, and brown, although not unusually 
foul. Defecation caused no pain. Most bowel movements occurred shortly after 
meals. Four patients recalled brief episodes of thick, frothy, pale stools sug- 
gesting sprue, but such episodes never occurred while the patients were under 
hospital observation. Flatulence was present but was not disturbing; abdominal 
examination revealed mild distention. The liver and spleen were palpable only 
when complicating diseases such as malaria were present. 
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Painful burning sensations of the tongue, mouth, and epigastrium were dis- 
tressing to all patients. These symptoms usually occurred when the diarrhea 
was severe, although two patients insisted that the onset of diarrhea relieved the 
burning sensations in the tongue. The tongue and oral mucous membranes 
varied in appearance from fiery redness and swelling to pallor and extreme 
papillarj atrophy. No distinguishing features were found to differentiate these 
glossal changes from those of pellagra or pernicious anemia. 

Cardiovascular abnormalities such as shortness of breath, paroxysmal 
dyspnea, and systolic murmurs were mild and seemed to depend only on the 
degree of anemia. All blood pressures were in the normal or low normal range. 
The pulse rate was not elevated until anemia became extreme and shock was im- 
pending. None of the patients showed the manifestations of “beriberi” heart. 

Burning of the soles of the feet with cramping and soreness in the calf 
muscles were common complaints. Fifteen patients showed tenderness of 
the calves, stocking type of paresthesias, hypoactive ankle jerks, and diminished 
vibration perception in the ankles, indicative of mild peripheral neuritis. In 
no ease was definitive evidence for combined system disease discovered. 

Oral temperatures above 99.6° F. never occurred unless infection was as- 
sociated with the anemia. Severe weight loss was noted only when diarrhea 
had persisted for months. Peripheral edema, present in eleven patients, was 
always associated with a reduction in serum albumin. 

B. Laboratory Lata . — The hematologic characteristics of the anemia have 
already been defined. Gastric analysis revealed normal gastric acidity in four- 
teen patients, hypochlorhydria in two, and a histamine refractory achlorhydria 
in nine. Analyses were repeated at intervals of six months on the latter group 
of subjects. Free acid was found in the gastric secretions on at least one occa- 
sion in five of these patients; Hie remaining four patients consistently showed an 
achlorhydria (Tables I, VI, and VII). 

The icterus index of all subjects on whom it was determined varied from 
2 to 7. Serum iron values were either low or within the normal range (from 
0.050 to 0.180 mg. per cent) in every instance but two (T. E., 0.242 mg. percent; 
M. P., 199 mg. per cent). Glucose tolerance curves, done repeatedly by Dr. T. 
Macgruder on two patients, showed less than 20 mg. per cent increase after the 


Table V 

Stool Analyses for Fat ■ 





total fat/100 

NEUTRAL FAT/ 

FATTY AG IDS/ 




Gif. 

100 GIL 

200 an. 

CASE 

■NAME 

description of stool 

moist feces 

MOIST FECES 

moist feces*' 




(CM.) 

Com.) 

Com.) 

9 

G. H. W. 

Liquid, frothy, yellow- 

3.07 



/ 


green 



0.61 

1.04 

11 

T. T. D. 

Soft, unformed, yellow, 
foul odor 

1.37 

2.3S 

0.76 

1.34 

12 

M.S. 

7/12, Fluid, brown 

S/4, Soft, unformed 

2.05 

2,27 

3.37 

1.12 

1.58 

1.15 

13 

T. G. 

Soft, light yellow 

6.30 

2.97 

3.33 

14 

AV. H. 

Soft, yellow 

1,97 

0.99 

0.98 


•Calculated as stearic acid. 



Table VI 
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oral administration of glucose. Curves on the same patients ivei'e normal when 
glucose was given intravenously. Serum protein values for five patients (Cases 
9 and 11 to 14) are recorded in Table VIII. 

Repeated stool examinations for occult blood were negative in all patients 
in the series. Dr. Morriss Dexter demonstrated Amoeba histolytica in one pa- 
tient, Bacillus typhosus in another, and Shigella dysenteriae in a third. Stool 
specimens from five patients were analyzed for free fat and fatty acids;* 5 ” three 
of these subjects were selected from the four who gave a history of having had 
a spruelike diarrhea. In no case was either constituent found in excessive 
amounts (Table V). Values are recorded for moist feces rather than dry 
weight; they agree well witli those reported for normal subjects.' 156 ’ ' Fluoro- 
scopic examination of the gastrointestinal tract showed no abnormalities except 
for moderate dilatation of the colon in several instances; small intestinal pat- 
terns did not show the changes described in sprue.**’ * T 


Ta&le viii 

Serum I'cotci.y Values 


CASE 

FATTEST 

DATE 

TOTAL SEBUM 
PROTEIN' 

(CM. PER 100 C.C.) 

ALBUM IN 
(AM. PER 100 C.C.) 

GLOBULIN" 

(OM. PER 100 C.C.) 

9 

a h. iv. 

8/11/41 

5.17 

2.52 

2.65 

n 

T. T. D. 

7/17/41 

4.74 





5/20/41 

4.S4 





5/23/41 

4.98 


1.89 



8/ 5/41 

5.61 

3.72 

12 

ar.s. 

5/26/41 

6.34 





5/30/41 

5.42 





8/ 5/41 

5.65 

3.54 

2.11 

13 

T.G. 

8/11/41 

5.41 

3.58 

1.83 

14 

W.H. 

5/ 9/41 

6.77 





5/20/41 

5.69 





5/29/41 

5.66 

2.18 

3.50 



8/11/41 

5.74 


C. Clinical Course.— Coincident with the development of a hematologic re- 
mission, induced either by beef muscle or liver extract, the patients showed sub- 
jective improvement. Their appetites improved, they regained their strength, 
and thej- were able to resume their normal activities. After liver extract had 
been given, the diarrhea stopped. In the majority of instances, patients felt 
better and were more energetic tiian they had been for years. Two patients died, 
one from a myocardial infarct and the second from pulmonary tuberculosis. 
Pertinent data for ail subjects who were followed for two or more years are 
recorded in Tables VI and VII. Seven of the twenty-five patients corrected 
their faulty dietary habits and began eating normal amounts of animal pro- 
tein. They have remained well and free of diarrhea, and the anemia has not 
reappeared during the two or three years which have since elapsed, even though 
no liver therapy has been given during this time. They were not given special 
low fat diets. The other patients who returned to their inadequate food habits 
developed recurrences of the diarrhea, anemia, and other manifestations after 
eighteen to twenty-four months; they required further therapy. 
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0. RELATIONSHIP TO ADDISONIAN PERNICIOUS ANEMIA, SPRUE, AND 
TROPICAL MACROCYTIC ANEMIA 


A. Addisonian Pernicious Anemia. — Statement has already been made of 
the fact that the nutritional form of macrocytic anemia described in this paper 
was eytologically indistinguishable from addisonian pernicious anemia. The 
chief points of differentiation were these: (1) twenty-one of the twenty-five 
subjects had free hydrochloric acid in the gastric secretions at least part of the 
time; (2) evidence already presented indicated that they also produced intrinsic 
factor; (3) the icteric indices were uniformly within normal limits; (4) with 
tvo exceptions, serum iron values were low or normal rather than high; and 
(o) each of the twenty-five subjects listed in Table I, to whom a source of ex- 
trinsic factor was given (Cases 1 to 5 and 9 to 14), responded with a reticulo- 
cyte response and usually with a red blood cell increase.® The presence of free 
hydrochloric acid in the gastric secretions of patients who apparently have true 
addisonian pernicious anemia rarely occurs, 50 ' 5 ® and in a few instances liver 
therapy is followed by a return of free acid in the stomach contents of subjects 
who initially had achylia gastrica. 57 ' 50 It is inconceivable that twenty-one of 
the twenty-five subjects here described could fit into this category. 

Confusion with addisonian pernicious anemia could easily occur, however, 
at those times when an achlorhydria was present. The conditions of some of the 
patients (Cases 1, 8, 9, 14, and 21) might have been diagnosed as true pernicious 
anemia if response to extrinsic factor had not been tested, or if the patients had 
not subsequently showed free hydrochloric acid in the gastric secretions. Four 
subjects (Cases 22, 23, 24, and 25, end of Table I and Table VI), furthermore, . 
never were observed to have free acid in the stomach contents, and, because they 
were used for other observations, their ability to respond to a source of extrinsic 
factor alone was not demonstrated. Their diets had been inadequate, their ic- 
teric indices were normal, and they presented the same clinical manifestations 
as did the remaining twenty-one subjects whose cases are recorded in Table I. 
It is entirely possible that they, too, had nutritional macrocytic anemia, but the 
differentiation of their anemia from pernicious anemia cannot be made on the 
basis of available data. 

Since confusion of nutritional macrocytic anemia with pernicious ‘anemia 
is likely to exist unless free gastric acid is present or response to extrinsic factor 
is demonstrated, it is entirely possible, in those regions where deficiencies of 
the vitamin B complex are endemic, that patients with nutritional macrocytic 
anemia are not infrequently diagnosed as having pernicious anemia. Some of 
the cases reported in the literature as examples of pernicious anemia with normal 
gastric acidity may actually be patients with nutritional macrocytic anemia. 
The practical importance of malting the differentiation is evident when one con- 


*The validity of using the response to extrinsic factor as a point of dlfferaitiatlon fro^ 
iddisonian pernicious anemia may be questioned since Wintrobe sboned that remi s o s 
oo induced in patients with pernicious anemia by T n 7l Tames “ However, only 

illogium per dayW Similar observations .'vcce nmde by Un a cy and James, aw t0 ' form 
12 Uni. of brewers’ yeast are roughly equivalent to JOO G u. of beet muscic m amoU nt9 

erythrocyte maturation factor, when incubated with hTTfit therefore, are many times 

of extrinsic factor contained in the large doses °£. b rh'h e i ° If’ the correct explanation .of 
as great as those fed to the subjects in these obsei valion.. , . . fnctor to interact with 

Wintrobe’s results Is that he proviued tremendous ™?ti™ts w fjf plmidous anemia, then 

the small amount of mtrinsic factor still produced by P^nts w^h since the amounts 

his observations are not quantitatively comparable to tnose run 
of extrinsic factor given in these studies were not excessive. 
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siders that extrinsic factor deficiencies can be corrected by dietary means alone 
and do not require life-long administration of liver extract. 

The animal experiments of Miller and Rhoads" 0 suggest that dietary de- 
ficiencies maintained over a period of years might be an etiological factor in the 
development of pernicious anemia. There was no evidence, however, to indicate 
that the patients with continncd poor diets tended to develop true pernicious 
anemia during the four years encompassed by this investigation; free gastric 
acid was sometimes first demonstrated during the second or third year of ob- 
servation. These patients were almost certainly producing intrinsic factor in 
the first year of study. It is reasonable to assume that they maintained its pro- 
duction since several recovered the ability to secrete add from Uvo to three years 
later. 

B. Sprue . — The relationship between the nutritional macrocytic anemia of 
pellagra and sprue is very difficult to grasp; differentiation may actually not be 
justifiable. The macrocytic anemia of sprue is apparently caused by poor intake 
of extrinsic factor, poor absorption of erythrocyte maturation factor, inade- 
quate production of intrinsic factor, or a combination of these influences. 38, 39 
Its pathogenesis, therefore, may be similar to that described in the present 
study for nutritional macrocytic anemia. The anemia and bone marrow showed 
similar cytologic changes to those described for sprue. 81 ' 82 Glossitis, flatulence, 
a persistent or intermittent diarrhea, a flat glucose tolerance curve, and other 
manifestations arc common to hotli conditions. How much emphasis may be 
placed on the character of the diarrhea in differentiating between sprue and the 
macrocytic anemia of pellagra is problematic. The stools did, however, differ 
in character from those usually found in sprue. Only four of the patients in- 
cluded in this study gave a history of having large, frothy, fatty, foul stools. 
Moreover, even these four subjects failed to pass a spruelike stool during the 
time they were under observation. The fecal specimens, rather, were watery 
in type, not particularly foul. Hanes believes that the diagnosis of sprue can- 
not be made in the absence of steatorrhea. 83 The few analyses for fat and fatty 
acids which were made revealed no excessively high values. All of these pa- 
tients responded satisfactorily to therapy with extrinsic factor or liver extract; 
none were refractory to treatment as is an occasional patient with sprue. 83 ’ 81 
The seven patients, furthermore, who changed their intakes so as to include 
adequate amounts of animal protein have had no recurrence of either diarrhea 
or anemia. The fat in the diet was not controlled. Three or four years of ob- 
servation are probably not enough to eliminate the possibility of a relapse, but 
it would he unusual to have seven patients with sprue all develop such long re- 
missions at the same time. 81 The final answer to the question as to whether the 
two conditions represent two distinct entities or are identical may have to wait 
until their etiology is more completely understood. 

C. Tropical Macrocytic Anemia . — Comparison of the syndrome described in 
this report with the nutritional macrocytic anemia of the tropics is difficult for 
two reasons: (1) clinical description of patients with the latter disease is not 
uniform; and (2) confusion exists as to the response they show to parenteral 
injection of purified liver extracts. 

Nutritional macrocytic anemia in the tropics is apparently more common 
among women and appears quite frequently in association with pregnancy. 3 ’ 8> 13 
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The patients are usually young or middle-aged adults -vim complain of short- 
ness of breath, weakness, sore tongue, dysphagia, dial and edema. About 
one-third show fever and splenomegaly; purpura may d op and uterine hem- 
orrhage is common. 11 Paresthesias may be present but combined system disease 
has never been found. The anemia and bone marrow • sely resemble or are 
identical with addisonian pernicious anemia. Neutr. enia may be severe. 
Achlorhydria is no more common than in the population at large. Bilirubinemia 
and urobilinuria were not observed by Wills, 41 but other observers have fre- 
quently found evidences of increased blood destruction. 0 ' SV11 It is possible that 
the clinical picture of the disease varies in different regions or that the con- 
comitant presence of other tropical diseases, alters the clinical manifestations. 
In contrast, however, nutritional macrocytic anemia in Birmingham occurred 
three times as frequently in men as in women. Most of the patients had passed 
the age of 50 years. None of the women were pregnant. Splenomegaly was 
found only in those subjects who had previously had malaria. Evidences of 
increased hemolysis or of combined system disease were not observed. Signs and 
symptoms of pellagra or of other vitamin B com])] ex deficiency states were 
common. These clinical differences between the two conditions may be funda- 
mental, but they may also he produced in large part by differences in dietary 
habits and in the types of infectious and parasitic diseases to which patients 
are exposed. 

When Wills demonstrated that marmite or yeast extracts produce bril- 
liant therapeutic results in subjects with nutritional (tropical) macrocytic 
anemia, 0 and when autolysed yeast was shown to be an excellent source of 
extrinsic factor, 33 it appeared probable that the anemia was caused by a dietary 
lack of extrinsic factor. This explanation was soon denied by Wills when she 
found that parenteral injection of purified liver extract (anahaemin) did not 
possess the therapeutic effectiveness of marmite or of crude liver extracts. 41 
She concluded that tropical macrocytic anemia is “due to a deficiency in the 
diet of some factor at present unidentified but other than Castle ’s extrinsic fac- 
tor.” The correctness of this suggestion has more recently been questioned 
again because other clinical investigators have found that anahaemin given 
parenterally was usually effective in the treatment of the disease. 42 ' 44 The re- 
sponse is apparently irregular. Some patients respond to moderate or small 
amounts, while others may show little improvement even though the dosage is 
large. The experience of Foy and Kondi in Macedonia adds even more con- 
fusion. 40 Anahaemin was effective when given to their female patients, but none 
of the males “respond to intramuscular liver therapy, no matter what prepara- 
tion is used.” These therapeutic observations are extremely important since 
they form the only clue to the etiology of the disease. Our patients with nutri- 
tional macrocytic anemia responded to the oral administration of beef muscle, 
beef muscle extract, or crude liver extract and to the parenteral injection of 
highly purified liver extracts. The evidence in favor of their haying a deficiency 
of extrinsic factor, therefore, is as good as can be obtained until pure extrinsic 
factor has been isolated. Furthermore, final decision as to the possible etiologic 
identity of tropical macrocytic anemia and the form of nutritional macrocj ic 
anemia described here will probably have to wait until pure extrinsic factor is 

available. 
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, . 6. SUMMARY 

The occurrence ‘ ■ tacrocj'tic anemia is described in fifty-six patients who 
had existed for years. o.i diets inadequate in animal protein and m the vitamins 
of the B complex. S'!~t .of these subjects also had clinical evidence of pellagra, 
arihoflavinosis, or bei.Oori. In twenty-five, the red blood cell count ranged 
from 1 to 3 million cells.' Males predominated m a ratio oE 3 to 1 and most o£ 
\nxs ... oo ynnrs o£ oge. The most striking cluneal mani- 

festations were weakness, pallor, glossitis, and intermittent or persistent diar- 
rhea. The skin eithu showed the presence of pellagrous dermatitis or was 
rough, hyperpigmented. and diy. Splenomegaly was found only in those pa- 
tients who had previously had malaria Eighteen subjects showed signs of 
mild peripheral neuritis, but combined system disease was not observed. Phys- 
ical or laboratory evidences of increased hemolysis were absent. The peripheral 
Wood and bone marrow were cyfologieally indistinguishable from those of addi- 
sonian pernicious anemia. Free hydrochloric acid was found in the gastric con- 
tents of sixteen patients at the time they were first studied; in five others, free 


acid was found on subsequent examinations. 

All of the subjects showed prompt therapeutic response to the pai'enteral 
injection of highly purified liver extracts In addition, it was demonstrated 
that they would develop reticulocyte rises when fed beef muscle, an 80 per cent 
alcoholic extract of beef muscle, or crude liver extract. When the oral admin- 
istration was prolonged, the red blood cells also increased in number. Studies 
of the pathogenesis of the anemia indicate that it is probably caused by a dietary 
deficiency of extrinsic factor associated in many, but not all, instances with 
poor absorption from the intestinal tract. Inadequate production of intrinsic 
factor is probably also a contributing influence. Thiamine, niacin, riboflavin, 
calcium pantothenate, pyridoxine, inositol, pnra-aminobenzoic acid, and choline 
given together both orally and parcnterally did not affect the erythropoietic 
equilibrium. 


The similarity, points of difference, and possible relationship of this form 
of nutritional macrocytic anemia to sprue and to tropical macrocytic anemia 
are discussed. Emphasis is given to the fact that nutritional macrocytic anemia 
in patients who have an intermittent achlorhydria may easily be confused with 
addisonian pernicious anemia. It is suggested that this syndrome may be more 
common in those regions of the United States where pellagra is endemic than 
has formerly been realized. 


CASE REPORTS 

J. S., a white man 50 years of age, had had diarrhea alternating with constipation from 
J937 until admission to the hospital July 16, 1910. He described the diarrheal stools as being 
eatery and brown; they occurred from ten to twelve times a day. The attacks of diarrhea 
ft'we accompanied by sore tongue and mouth, burning in the epigastrium, and burning sensa- 
tions in the feet. During the month before admission he lmd become weak and short of breath 
on exertion. 

His diet consisted chiefly of dried beans or peas, white bread or com biscuits, and 
occasionally eggs, tomatoes, and /fell. 

Physical examination showed a well-developed, moderately nourished white man. His 
hair was gray and Jus tongue was smooth and swollen, but not red. The oral mucous mem- 
branes were pale. Examination of the heart, lungs, and abdomen revealed no abnormalities. 
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Blood pressure was 328/80. ' Tlie shin of the arms and legs was hvperpigmented, especially 
over tho elbows and knees. Neurologic examination was normal except for tenderness of the 
calves and feet. 

Kalin reaction was negative. Urinalysis revealed no abnormality. Stool examination 
was consistently negative for occult blood, pathogenic bacteria, and parasites. Examination 
for microscopic fat was negative. The gastric juice contained 20° free hydrochloric acid 
and 42° total acid 20 minutes after histamine stimulation. Fluoroscopic exa m i c jp' 0T 

cs “2“.- ss.^ss£- 

" I “to pJtofwtoM Die. A Table III) £ 

the diarrhea. The oral temperature varied between 9S.C T u e r S c „t c ^ e s reached a max- 
of ten days, he was fed 200 Gm. of raw beef muse e . ‘ . ce p ; „ 2 ), but there was 

imum of 14 per cent on 11, e „M, «n, A”’,*, Vine th. to. 

01 34 - 5 ,er “ 

the eleventh day and the red blood cell count rose H e ^tinned to 

In 1941, the patient was observed in the clinic <m ‘ ^ fUQWC(i 4S ° free hydro- 

subsist on the inadequate diet but had no anomm. * clinica i evidence of nu- 

chloric acid and Gl° total acid after histamine He ****** ^ 
tritional deficiency disease and received no speci i .Wmatitis diarrhea, and weakness. 

In the spring of 1942 lie returned to 1 10 c was a scaly, hyperpigmented, and 

His tongue was bright red, swollen, and pain 11 , a ^ WoQ(J count Iiad fallen to 2.3S md- 
symmctricnl pallagrous dermatitis on the anh .. corpuscular volume was 

lion per cubic millimeter, and tl.o hemoglobin ^ B ( J Table HI). After 
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a control period of ten days, he was gi ‘ c f yo g per cent was reached on the seven i 
U.S.P. units per day. A reticulocyte maximum submaxim al response to oral 

day of therapy and the red blood cells and a rapid red blood cell rise 

liver therapy was followed by :iIl0t,ier rc lC ' intramuscularly for three days (Fig. >)■ 
when 20 U.S.P. units of liver extract were g lg43 alld 19 44. He had a mild 

Tho patient returned to the clinic in >e * P « blood ce] j count, 3,870,000; hemo- 
normocytic normochromic anemia on cac x , e „ llar ly as a farmer. 

***. " * ,, „ Hospital May » 
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fusion, burning sensations of the tongue _ d eating R dozen raw egg J- 

- £ =£- 3 = ~ 

SS - * rzs&z 
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He was a thin, pasty-appearing man who weighed 138 pounds. His tongue and oral 
mucous membranes were pale, swollen, and smooth. There were scars at both angles of the 
mouth and the skin of the face, arms, and legs wo9 ye)lowi*h brown. There were several 
discrcto retinal hemorrhages. The heart was moderately enlarged, but no murmurs were heard; 
blood pressure, 02/58. The lungs and abdomen were within normal limits. The ankles showed 
pitting edema. Neurologic examination revealed mild ‘'sock'’ typo of hyperesthesia over the 
feet up to the ankles, absent vibration perception in tho lower extremities, and absent ankle 
jerks. 

Blood ICahn reaction was negative. Urine examination was normal. Stool examination 
was repeatedly negative for oeeult blood and parasites, but on one occasion an atypical 
shigella organism was found. Values for the fat content of the stool ore recorded in Table V. 
X-ray examination of tho barium-filled colon revealed moderate atony and dilatation. 
Fluoroscopic examination of the upper intestinal tract showed only a moderate hypermotility. 
Gastric juico following histamine stimulation contained Go 1 ' free acid and 7 G° total acid. 
Hematologic data are summarized in Tables I and II. 

Ho received the vitamin mixture orally and parenterally for eight days with improve- 
ment of the burning sensations in the tongue but without any reticulocyte response (Fig. 3). 
The red cell count and hemoglobin decreased stcadil}'. During this period, 300 c.c. of gastric 
juice were withdrawn before breakfast each morning, pooled, and fed with beef muscle to a 
patient with pernicious anemia in relapse. He was given orally an amount of alcoholic ex- 
tract of beef muscle equivalent to 250 Gm. of beef per day for twenty-three days. The 
reticulocytes rose to 23.2 per cent on the fifteenth day, and there was a gradual increase in 
the red cell count and hemoglobin. After an interval of three days the beef extract was given 
again and was doubled in nmount when, despite daily oral therapy with niacin, the patient’s 
diarrhea and glossitis increased in severity. This attack was controlled with paregoric given 
orally and niacin given intravenously. There was a secondary Tcticulocyte rise to a maximum 
of 23.8 per cent on the sixteenth day after the dose of beef extract hud been doubled and on 
the seventh day after the diarrhea had stopped. 

The patient remained well and able to work dunng 1942. During the spring of 3933 
he noted slight loss of strength but no diarrhea or sore tongue. The red blood count had 
fallen to 2,800,000 and the hemoglobin to 10.4 Gm. 

C. O’B., an 80-year-old cantankerous white man, entered the clinic May 31, 1941, because 
of Weakness and sore tongue for six months. These symptoms were gradual in onset and were 
associated with loss of appetite and constipation. For the past eight yems his diet had con- 
sisted of pancakes, com flakes, rice mush, potatoes, a few eggs, and canned milk. Ho denied 
previous serious illness or the occurrence of pellagra in any member of his family. 

Ho was a pale, emaciated old man with bilateral lenticular cataracts. His tongue and 
oral. mucous membranes were pale, smooth, tender, and spotted with a necrotic grayish mem- 
brane which would not wipe off. His skin was dirty, and on the arms and legs there were 
saialj, discrete, indurated ulcers. No abnormalities were found on examination of the chest, 
heart, and abdomen. Blood pressure was 117/75. He had mild edema of the feet and ankles. 
Tho neurologic examination revealed absent ankle jerks and absent vibration perception in the 
lower extremities. 

The patient weighed 115 pounds, the Kalm reaction was 3 plus, and the urine revealed 
no abnormality. Stool examinations were persistently negative for occult blood, pathogenic 
bacteria, and parasites. Gastric juice contained 52° free acid after histamine stimulation. 
^* r ay examination of the barium-filled colon showed general dilatation and redundancy. 
Fluoroscopic examination of tho stomach and small intestines were within normal limits. 
Tables I and II summarize the data obtained on this patient’s peripheral blood and bone 
Marrow, He was fed Diet B (see Table III), and after a control period of five days, the 
M’xturo of crystalline vitamins was given orally and intravenously for eleven days. No 
'Cticulocyte response occurred but the gray membrane and the burning sensations in the 
tongue disappeared and the skin ulcerations healed. For the next thirty-one days the pa- 
tient received an alcoholic extract of beef muscle in amounts as indicated in Fig. 4. Two defi- 
nit ° reticulocyte peaks occurred: one of 10 per cent on the ninth day and the second of 35 
per cent on the nineteenth day, five days after the routine was changed to the administration 
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of beef extract with meals. A significant increase in the number of rod blood cells also oc- 
curred. No additional reticulocytosis developed when the dose of beef extract was doubled 
(on tho twenty-fifth day) nor when 2 U.S.P. units of concentrated liver extract were given 
mtramuscularly each day for ten days. Tho patient’s appetite and disposition improved 
after tho beef extract had been administered for a week. When he was discharged, he weighed 
3oG pounds and was greatly improved. Observations were terminated six months later when 
ho died following a coronary occlusion. 


T. Gr., a u9-y ear-old white man, had been bothered with diarrhea and sore tongue every 
summer for the past eight years. At the time of admission to the Nutrition Clinic in July, 
1041, tho stool consisted of bulky, whitish, soft material, sometimes foamy and foul smelling. 
Ho complained of headache, dizziness, ringing in the ears, blurring vision, watering of the 
eyes, photophobia, sore red tongue, and burning of the skin of the arms and legs. These 
last two symptoms had increased in severity since the first of April, 1941. He had pain and 
weakness in the hands and feet, and itching on the backs of the arms and hands. There had 
been a weight loss of six pounds in two months. 

His diet consisted of milk, fat meat, dried vegetables and fruits, corn bread, biscuits, 
and coffee. 

Tho patient was a moderately well-developed, poorly nourished white man. The con- 
junctiva© were pale. There were a few atrophic areas in tho right fundus and many in the 
left fundus. A large fame-shaped hemorrhage was visible along the inferior temporal artery. 
His hair was gray. Tho lips were mottled and showed transverse Assuring and atrophy. Fis- 
sures and scars with somo maceration were present at each angle of the mouth. The tongue 
was swollen, extremely atropliic, and flecked with areas covered by a whitish membrane; many 
red, pin-point spots were visible along the tip and sides. Purpura was present on the hands, 
legs, and neck. Extensive brown pigmentation was present on the face, hands, arms, and 
feet. Thcro was mild pitting edema of tho ankles. Examination of the heart, lungs, and 
abdomen revealed no abnormality. Blood pressure was 118/70. Vibratory perception was 
normal in tho hands and feet. The position of the toes was normally perceived. The calves 
of tho legs and soles of tho feet were tender to pressure, but no skin paresthesias were 


present. 

Reflexes 

Eight 

Left 


Biceps 

+ + + 

+ + + 


Triceps 

+ + + 

+ + + 


Knee Jerks 

+ + 



Ankle Jerks 

+ 

+ 


Babinski 

Flexor response 

Flexor response 


Clinddock 

Flexor response 

Flexor response 


Kahn reaction was negative. Urinalysis showed only a faint trace of albumin. T 
stool was soft to liquid in consistency, yellow, and occasionally contained a small amount of 
foam; it contained no blood or pathogenic bacteria. On one examination motile forms o 
Endamoeha histolytica were seen. Values for tho fat content of the feces are recorded in 
Table V. Fluoroscopic examination of the gastrointestinal tract was normal except for atony 
of the colon. Tho gastric juice after histamine stimulation contained 51° free aci . 
glucose tolerance test produced a low flat curve, while the intravenous curie was norm 
Hematologic data are summarized in Tables I and II. 

There was a gradual improvement of bowel function during the entire period of study 
(Fig. 5.). Tho patient’s strength improved, purpura nnd edema disappeared, and the > » 
and oral mucous membranes regained their normal color though t le papi ae re 
atrophic. Anemia was again present in 1942, but the red blood cell count was 
limits in tho summers of 1943 and 1944. Diarrhea and other symptoms did not return * 
liver extract was given after 1941, and no precautions to control dietary a were 

G.H.V., a 79-year-old white man, was admitted to the Nutrition Clinic ^ 31 > 
because of weakness and soreness of the mouth which iad grac ua y increas to 

during the preceding four years. Because of food idiosyncrasy lie hadhnntcdhsd 
white meal, canned tomatoes, spaghetti, and okra during this period of time On^mis 
e complained of mild headache, ringing in the ears, burning of the eyes, sore mouth, wate y 
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diarrhea, aching in the legs, and numbness and tingling in the hands and feet. He admitted 
having had hallucinations but had good insight. His wife was under observation in the 
Nutrition Clinic because of pellagrous glossitis and cheilosis. 

The patient was an emaciated white man, with pallid, sallow, extremely atrophic skin, 
swollen tongue, and buccal mucous membranes. The heart, lungs, and abdomen were within 
normal limits. The blood pressure was 115/80. Vibration perception was present in the arms 
but absent in the legs. There were no paresthesias or ataxia and the position of the toes 
was perceived accurately. .The deep reflexes were equal and active. The Cliaddock test caused 
dorsifloxion of the great toes bilaterally, but the rest of the plantar responses were normal. 

The Kahn reaction was negative. Urinalysis showed no abnormality. Stool examina- 
tion was negative for occult blood, pathogenic* bacteria, and parasites. Stool analysis for 
fat showed 3.07 Gm, total fat per 100 Gm. of moist feces. There was no free hydrochloric 
acid in the gastric juice after histamine stimulation, but free acid was found on two occa- 
sions in 1942 and 1943. Fluoroscopic examination of the gastrointestinal tract revealed 
no abnormalities except hyperxnotility. 

During the control period on tho vitamin mixture (Fig. 7), the patient had much less 
diarrhea than formerly (a reduction in number of stoolc from ten to two or three per day), 
but the stools continued to bo watery. The swelling and bnmijig of tho tongue disappeared, 
but the atrophy was unchanged. There was no change in the neurologic examination, and the 
patient continued to have periods of mental confusion. This situation continued unchanged 
until the patient was given intramuscular liver extract. Following liver therapy there was 
a rapid increase in strength nnd complete relief from the diarrhea. He was last seen during 
the summer of 1944 and had had no recurrence of his symptoms or of the anemia. He had 
received no liver extract since 1942. 
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propylene glycol as a menstruum for the 

ADMINISTRATION OF STEROID HORMONES 


Thomas Hodge McGavack, M.D.,* and Mildred Vogel, M.S.f 
New York, N. Y. 


T^IIE low toxicity of propylene glycol lias been confirmed by a number of 
investigators. 1 *' Hanzlik and his associates 2 found it impossible to produce 
death from a single dose administered orallj r . Rapid injection of the substance 
in dogs produced a fatal result only when as much as 25 c.c. of a 50 per cent 
solution in physiologic saline were given per kilogram of body weight. Chronic 
intoxications have been even more difficult to produce. Morris, Nelson, and 
Calvery 5 fed the material to albino rats for two years and noted that the 
animals “differed only very slightly from the controls.” Seidenfeld and Hanz- 
lik 1 fed substantial amounts to rats during approximately one-eighth of their 
life span without any appreciable effect. 


When all of the carbohydrate of the diet was replaced by propylene glycol 
(representing 4S.5 per cent of the calories in the diet), young rats failed to 
gain weight and died within approximately one month. 2 When three-fourths 
of the carbohydrate was similarly replaced, the animals lived three months. 
And, if the proportions of propylene glycol to carbohydrate were as 1 :1 (repre- 
senting a daily ingestion of approximately 30 c.c. of propylene glycol per 
animal), no death was noted under five months of feeding. If one-eighth 
of the dietary carbohydrates was replaced by propylene glycol, a good gain 
in weight was observed, nearly equal to that of the controls, and no deaths 
were seen under five months of treatment. If one-eighth of the diet was re- 
placed, the animals reacted as did the controls. If one-eighth of the weight 
of the normal diet was fed as propylene glycol in addition to the diek the 
treated animals gained more rapidly than did the controls, an effect attributable 
to the caloric value of the added propylene glycol. The available evidence 
justifies the conclusion that propylene glycol is comparatively nontoxic and 
that, even in relatively large amounts, it can be utilized by the body as a 
source of energy. 

Pathologic changes observed as occurring in fatal intoxications with pio- 
pylene glycol have been limited to the liver and kidneys. In the former, model - 
ate destruction of liver cells with some karyolysis has been noted, while the 
latter have shown degenerative changes in the cells of the convoluted tubules. 
However, many of the animals sacrificed after five months on a diet in which 
one-half of the carbohydrate was replaced by propylene glycol have shown no 
histologic alterations whatsoever. 1 
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The relative ease with which propylene glycol can be converted by oxidation 
into lactic acid probably accounts for its low toxicity and for most of its meta- 
bolic effects. The substance increases glycogen storage. I. * * * * 6 If it be given in 
large quantities, about two-thirds is metabolized as carbohydrate, and one-third 
is excreted unchanged. 7 * Presumptively, as a result of its carbohydrate-like 
behavior, animals treated with the drug show an increased activity and de- 
creased fatigability. 3 * c However, the basal metabolic rate has not been in- 
creased, either in animals or in human beings. 

Because of its low toxicity and the ability of the animal body to utilize 
quantities of the drug as food, propylene glycol has been proposed as a vehicle 
for water-insoluble medicaments, particularly if they are to be administered 
intravenously. In this connection the purpose of the present study is three- 
fold: (1) to determine the toxic action, if any, of moderate amounts of intra- 
muscularly or intravenously administered propylene glycol; (2) to study the 
effects of intravenously administered dcsoxycorticost crone acetate upon the 
intact subject, using propylene glycol as a vehicle; and (3) to attempt the 
production of thrombi as a result of the intravenous use of desoxycorticosterone 
acetate solutions in propylene glycol. 

METHODS AND MATERIALS 

Seven male hospital patients selected at random and seven dogs acclima- 
tized for from three to four weeks prior to the experimental period served as 
subjects of the study. Intramuscular injections were given in the gluteal 
region. The antecubital veins were utilized for injections in the human pa- 
tients, while both neck and leg veins were used in the dogs ; in man, care was 
taken to avoid repetition of the injections into a single vein on successive days. 

Except for slight modifications described elsewhere, 19 the methods detailed 
in the references indicated were used, and estimations were made of the follow- 
ing components of the blood on all subjects before, during, and at the end of, 
the experimental period: sodium, 6 potassium, 9 chloride, 10 icteric index, 11 Van 
den Bergh, 12 cephalin precipitation, 13 phosphatase, 14 phosphorus, 15 total 10 and 
free 17 cholesterol, total proteins, 18 albumin, and globulin. 

The animals were killed by the intravenous injection of pentobarbital, 
about 1 c.c. per kilogram of body weight. Dcsoxycortieosterone acetate was 
used in the form of a solution containing 10 mg. in 1 c.c. of propylene glycol.* 
Organs and other tissues were studied grossly and microscopically. 

I. THE EFFECTS OF PROPYLENE GLYCOL FOLLOWING REPEATED INTRAMUSCULAR OR 

INTRAVENOUS ADMINISTRATION 

It has already been shown that approximately 25 c.c. of a 50 per cent 

solution of propylene glycol in physiologic saline per kilogram of body weight 

must be injected intravenously into the dog at a rate of not less than 0.5 c.c. 

per minute in order to produce death. 2 Inasmuch as such amounts are many 

times that which would be used as menstruums for medicinally active sub- 

stances, the present study was devoted to ascertaining the influence of repeated 

injectio ns intramuscularly and intravenously. 

.. .•'We are indebted to Dr. Max Gilbert, of the Schenng Corporation, for generous supplies 

UI ‘«is material, as well a3 for especially- prepared ampules of plain propylene glycol. 
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• ,. A ' Tl ! THE DoG -~ 0ne do " was given twenty-one daily intramuscular in- 
jections of 1 c.e. of propylene glycol into the gluteal region of the right hind leg; 
a similar amount of sesame oil was simultaneously administered into the left 
hind leg. the dog was sacrificed the day after the last injection, and histologic 
sections were made through the areas of the injections. Grossly, both the area 
of propylene glycol administration and that of sesame oil injection showed an 
increased vascularity. The latter site contained unabsorbed fluid in which free 
oily particles were readily distinguishable. Microscopic examination disclosed 
in the area of the sesame oil injections large numbers of fat globules between 
the individual muscle cells and bundles. Sections taken from the site of the 
propylene glycol injections showed some disruption of the muscle bundles with 
infiltration of large numbers of monocytes, plasma cells, lymphocytes, and 
scattered groups of red blood cells and polymorphonuclear leucocytes. No 
foreign material, such as fat, was present. 

At autopsy there was no evidence either grossly or microscopically of 
pathologic changes in the liver, thymus, kidneys, pancreas, adrenals, thyroid, 
and gonads, and the weights of all were normal. An analysis of the kidney, 
spleen, and diaphragm for 17-ketosteroids showed only traces present, and none 
was found in the lung. 

A second dog (Dog C) was given 1 c.c. of propylene glycol intravenously 
every day for forty-three consecutive injections. No specific effects could be 
detected. During the period of injections, the dog gained from 6.9 to 7.2 kg. 
in weight. At the time of sacrifice there was no gross or histologic evidence 
of pathologic alterations in any organ. Normal values for blood chemical 
constituents before and after treatment are shown in Table I. 

Three dogs weighing 5.9, 6.3, and 8.1 kg., respectively, were each given 20 
c.c. of propylene glycol daily for three successive days. Immediately following 
the last injection, they were sacrificed. No gross or microscopic alterations 
could be found in any of the organs or other tissues of the body. Urine ob- 
tained from the bladder immediately post mortem showed no albumin or sugar 
and no abnormal constituents in the sediment. , 


B. In the Human Being. — Each of four patients was given sixteen intra- 
muscular injections of propylene glycol on successive days. These patients 
were selected at random; one was convalescing from a rather massive pul- 
monary infarct secondary to cardiac .disease ; one had cirrhosis of the liver, 
one had arthritis; and the fourth suffered from pituitary infantilism. During 
the first five days of injections, the doses were 0,5, 0.5, 1, 2, and o c.c.., respec- 
tively, following which 3 c.c. were given daily. One patient complained of a 
slight burning sensation over the area of the injection lasting for fiom one to 
two hours on one occasion. The others had neither subjective symptoms of 
comfort nor objective signs of injury during or following any of the injections. 

Following this series of injections, the same four patients were 
propylene glycol intravenously for eleven consecutive days. Dosage was begu 
^•1 c.c. and increased at the rate of 1 c.e. daily unt, 10 c.c. NHi. g 
For these injections, syringes were boiled in the usua manner. ne 1 
complained of a sense of warmth in the axilla if the injection w S 
rapidly. In no other instance was there any* demonstrable local o y 
reaction, irrespective of variations in the amount or speed of the mfus • 
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No abnormal alterations were observed in the icteric index, Van den Bergh 
reaction, or ceplialin flocculation in any patient. There was no disturbance in 
the blood sodium, chloride, potassium, phosphorus, total or free cholesterol, 
phosphatase, or protein partition as a result of either the intramuscular or 
intravenous injection of the propj-lene glycol. 

Conclusion. — Propylene glycol is a relatively nontoxic material which 
can be given repeatedly to dogs or human beings in relatively large doses, either 
intramuscularly or intravenously, without any signs of untoward reaction ex- 
cept slight local injury when given intramuscularly. It should prove to be a 
satisfactory menstruum for medicinal agents which arc relatively insoluble in 
water or watery solutions. 

It. THE EITECTS IN INTACT ANIMALS AND IN HOSPITAL PATIENTS OP 
INTRAVENOUSLY ADMINISTERED DESOXYCORTICOSTERONE ACETATE 
IN PROPYLENE GLYCOL 

Desoxyeorticosterone acetate dissolved in propylene glycol has been ad- 
ministered to dogs subcutaneously, 20 intramuscularly, 20 and intravenously, 21 but 
not to human beings by any of these three routes. The present studies were 
designed primarily to determine the degree of risk, if any, involved in the 
use of this preparation intravenously. 

A. Experiments on Does— Six animals were given desoxyeorticosterone 
acetate in propylene glycol intravenously in varying doses over widely variable 
periods of time. All animals gained weight during the treatment and remained 
in good health. Diarrhea appeared for a short period of time in two animals 
(Dogs 4 and G), but this could not be related with certainty to the action of the 
drug, as it disappeared in botli instances without any known alteration in the 
experimental regime. 

1. The Effect of a Single Intravenous Injection . — Dog 2 was given a single 
intravenous injection of 50 mg. of desoxyeorticosterone acetate (5 c.c. of propy- 
lene glycol containing 50 mg. of desoxyeorticosterone acetate) and was sacrificed 
four and one-half hours later. There was no change in behavior during or after 
the injection. Laboratory data are given in Table I. The significant features 
noted were an increase in the sodium and chloride contents of the blood with 
a simultaneous decrease in the concentration of potassium in the blood. AVhen 
the dog was sacrificed four and one-half hours after the injection of dcsoxycorti- 
costeronc acetate, there was no gross or histologic evidence of organic damage, 
nor did the kidneys, spleen, diaphragm, or lung contain more than “traces” 
of 17-ketosteroids. Particular attention was paid to the presence or absence of 
thrombi, but none was found even after careful microscopic search. 

2. The Effects of Repeated Intravenous Injections . — Five dogs were given 
daily intravenous injections of desoxyeorticosterone acetate in propylene glycol, 
in doses varying from 10 to 200 mg. over periods varying from six to forty-seven 
days. The laboratory data from these experiments is summarized in Table I. 

a. Behavior in Relation to the Individual Injection: Injections were given 
as rapidly as the propylene glycol solution of desoxyeorticosterone acetate 
would pass through a 22 gauge needle. No effect of any kind could be elicited 
in any animal receiving less than 150 mg. at a single dose. In Dog 4, the 



Table I 

Data From Doos Deceiving Intravenous Injections of Desoxycorticosterone Acetate in Propylene Glycol 
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injection usually took approximately two minutes. By the time 15 to 17 c.c. 
o£ the solution had entered the circulation, the dog routinely developed con- 
vulsive seizures which lasted for from one-half minute to three minutes. Fol- 
lowing this, lie would usually vomit. A convulsion could he avoided entirely by 
changing the time taken to inject the drag from two to three and one-half 
minutes. Although vomiting still occurred occasionally, it seemed to be un- 
related to the speed of the injection. These reactions did not prevent a gain 
in weight, nor did they' seem to interfere with hepatic function (Table I). 

b. Alterations in Blood Chemical Findings: In none of the animals 
were there any changes in the following as a result of the treatment described: 
icteric index, Van den Bergli reaction, eephalin precipitation, phosphatase, 
phosphorus, total cholesterol, free cholesterol, albumin, or globulin (Table I). 
The sodium and chloride concentrations in the blood behaved in a somewhat 
unexpected manner. There was a significant elevation: four and one-half 
hours after a single injection of 50 mg. (Dog 2, Table I), five hours after a 
single injection of 200 mg. (Dog 4, Table I), and after six daily injections of 
50 mg. each (Dog 3, Table I; Dog 5, Table I). In Dog 4, which showed a 
marked rise after a single injection, sodium and chloride valnes were still 
elevated at the end of fifteen daily injections, after a total of 2,890 mg. of 
drag had been administered, but the level was distinctly lower than it had been 
following the first dose. In Dogs 1 and G, the values after treatment were 
normal and, in the latter animal, corresponded closely to those obtained in the 
"fore” period. Toward the end of the experimental period, both of these 
animals drank more water, but circumstances did not permit a careful measure- 
ment of intake or output. Potassium values were usually lower at the end of 
the experiments than at the beginning, but the magnitude of the changes was 
not significant. 

c. Local Reaction to the Injections : In and around the site of repeated 
injections of propylene glycol or desoxycorticosteronc in propylene glycol there 
was always a fibrous tissue reaction with thrombus formation, often ending 
In the complete obliteration of the lumen of the vessel. Unless the surrounding 
tissues had been infiltrated during injection, there was no histologic evidence 
of any deposit of desoxycorticosteronc acetate in these areas. 

d. Pathologic Study of All Animals: No gross abnormalities could be 
detected in any of the organs or tissues of either the control or experimental 
animals with the exception of the site of the repeated intravenous injections, 
which showed the perivascular induration and thrombus formation mentioned 
in the preceding paragraph. Weights of the liver, kidneys, gonads, thyroid, 
pancreas, and adrenals were normal in both control and experimental dogs 
when analyzed on the basis of organ weight-body weight ratios. This statement 
justifies particular emphasis in relation to the adrenal gland. 

Microscopic examination showed no difference between control and test sub- 
jects except in the case of Dog 5, which received approximately 200 mg. 
of desoxycorticosteronc acetate daily for fifteen days and which on several 
occasions developed convulsions during the injection. In the liung of this 
animal there were scattered clumps of a deep brownish material, which was 
perivascular in one section, but had no obvious relationship to any tissue ele- 
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ment m numerous other sections. This material was believed to be desoxy- 
corticosterone acetate, as the same histologic reaction was observed following 
its purposeful injection into periarterial tissue, in which it was later identified 
>y chemical determination. However, there were no intravascular deposits of 
1 11 s material, nor were there any thrombi present in any part of the lung or 
in any other organ or tissue of the body. 

e. The Chemical Determination of the 17-Ketosteroids in Body Tissues: 
The total 17 ketosteroids were estimated in the following tissues of four dogs 
(Dogs 2, 4, 5, and 6) receiving desoxyeortieosterone acetate: kidney, spleen, 
diaphragm, lung, liver, and heart. Traces could be detected in all the tissues 
except the lung of Dog 2 which received a single injection of 50 mg. of the 
ding four and one-half hours before it was sacrificed. The heart of this animal 
was not examined. In the other three animals, traces only were present in 
all the tissues examined except the heart. Here the amount could be deter- 
mined quantitatively and was as high as 0.7 mg. per 100 Gm. of tissue in Dog 
6. Histologic studies of the hearts were not made. 


B. Studies in Human Beings. — Three patients with cirrhosis of the liver 
were used for these studies. At the time of the injections, two were severely 
ill with ascites and ankle edema, while the third was well compensated and 
nearly ready for discharge from the hospital. The first two showed abnormal 
liver function as determined by the following studies upon the blood: icteric 
indices, Van den Bergh reactions, cephalin flocculation, phosphatase, cholesterol 
partition, and protein distribution. The third showed normal values for all 
these. Each received twelve injections on successive days, the first two rep- 
resenting 0.5 and 1 c.c., respectively, of the standard solution, and the re- 
maining ten, 1.5 c.c. each. There was no increase in the ascites or edema of the 
two decompensated cirrhotics, no increase in blood pressure, and no untoward 
immediate or late reaction to the injections in any instance. In the third indi- 
vidual, there was no increase in weight, no tendency for the development of 
edema in the abdomen or extremities, and no change in blood pressure. Values 
for the constituents of the blood mentioned above showed no alteration as a 
result of the injections. Sodium, potassium, and chloride studies were 'not 
done. 


Discussion and Conclusions.— The above findings would suggest that 
relatively large intravenous doses of desoxyeortieosterone acetate can be com- 
pensated for in the intact animal, provided salt is not forced; for, after a 
transient period of elevation in blood sodium and chloride levels, these became 
and remained normal despite rather massive doses of the drug. Compensation 
for such large amounts of the steroid does not appear to be associated with 
histologic alterations or gross change in the weight of the adrenal glands; 
nor it is accompanied by an enlargement or dilatation of the hear That 
T pffppts are not the result of inactivation of the hormone as a result of its 
% r ^ous "i^on has been adequately shown by Cleghorny* who maintained 
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with normal adrenals is capable of compensatory responses which, at least for 
a short time, neutralize or prevent the full exhibition of the powerful action of 
the drug. 

The absence of desoxycorticost crone acetate from the area of thrombus 
formation about the site of the intravenous injection suggests that the effect 
obtained was a nonspecific one which could have been produced as readily by 
other hypertonic solutions. 

"When injected intravenously, no untoward clinical reactions were caused 
by single injections of desoxycorticost erone acetate in doses of 100 mg., rep- 
resenting 10 c.c. of propylene glycol, whereas nausea and vomiting appeared 
if 200 mg. were similarly given. Moreover, generalized convulsions could be 
produced by increasing the speed of the injection. These amounts of drug are 
from five to ten times as great as those therapeutically indicated in Addison’s 
disease. It seems fair to conclude that the drug is safe for intravenous applica- 
tion in the crisis of that disease. 


ni. THE PROBLEM OF EMBOLIZATION FOLLOWING THE INTRAVENOUS USE OF 
SOLUTIONS OF DESOXYCORTICOSTERONE ACETATE IN PROPYLENE GLYCOL 

Propylene glveol is a very satisfactory solvent for desoxycorticosterone 
acetate, dissolving 10 mg. or more per cubic centimeter. "When such solutions 
are diluted with water, precipitation of the drug occurs immediately. It has, 
therefore, been postulated that the intravenous use of propylene glycol solu- 
tions of desoxycorticosterone acetate would be fraught with the danger of 
embolization as a result of a rather rapid precipitation of the chemical. Such 
a conclusion has not been borne out by work with dogs, provided, as noted in 
section I, the amounts of drug introduced remained below 200 mg., represent- 


Table n 


The Effect of Saline Dilution Upon the Precipitation and Crystallization of 
Desoxycorticosterone Acetate From Solution in Propylene Glycol 


NUMBER 

OP 

TRIALS 

AMOUNT 
OF DCA* 
(.110.) 

AMOUNT OF 

SALINE 

(c.c.) 

DILUTION 

PRECIPITATE! 

AMOR- 

PHOUS 

AVERAGE 
TIME TO 
APPEAR 
(SEC.) 

CRYSTAL- 

LINE 

AVERAGE 
TIME TO 
APPEAR 
(SEC.) 

3 

0.5 

0.5 

1: 1,000 

+ + + + 

Immed. 

+ + + + 

23 

4 

0.5 

1.0 

1: 2,000 

+ + + + 

Immed. 

+ + + + 

28 

4 

0.5 

2.0 

1: 4,000 

+ + + + 

Immed. 

+ + + + 

52 

S 

0.5 

2.5 

1: 5,000 

+ ++•*■ 

Immed. 

+ + + + 

46 

4 

0.5 

4.0 

1: 8,000 

+ + + 

Immed. 

+ + + + 

99 

5 

0.5 

5.0 

1:10,000 

+ + + 

Immed. 

+ + + + 

78 

4 

0.5 

G.O 

1:12,000 

+ + + 

Immed. 

-?- + + 

51 

4 

0.5 

7.0 

1:14,000 

+ + + 

Immed. 

+ + + 

82 

4 

0.5 

8.0 

1:16,000 

+ + 

Immed. 

+ + 

122 

4 

0.5 

9.0 

1: IS, 000 

+ + 

Immed. 

+ + 

144 

4 

0.5 

10.0 

1 :20,000 

+ 

Immed. 

+ 

150 

4 

0.5 

12.0 

1:24,000 

£ 

Immed. 

± 

135 

3 

0.5 

14.0 

1:28,000 

± 

Immed. 

± 

240 

4 

0.5 

16.0 

1:32,000 

± 

10 

± 

360 

4 

0.5 

18.0 

1:36,000 

± 

10 

± 

360 


0.5 

20.0 

1:40.000 

f 

10 

0 

24 hr. 


Represents a 1 per cent solution of desoxycorticosterone acetate In propylene glycol. 
tThe plus signs represent a quantitative grading of both the "amorphous" and "crystal* 
»ine precipitates. In the case of the latter they also have qualitative significance as follows: 
1.1*+ + + +, very large crystals and "bundles" or chains of crystals; ++ and +. small 

•vioi and "chain" formations retained ; ±, small crystals not seen in "bundles" or 

cnains- ; o, no crystals found. 
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ing 20 c.c. of solution. Moreover, in such doses a rapid injection was necessary 
tor the production of signs and possibly important for the deposition of the 
material in the lungs. 

For these reasons, some phenomena associated with the mixing of propy- 
lene glycol solutions of desoxycorticosierone acetate with watery solutions have 
been observed in vitro. These are summarized in Table II. The reactions were 
similar whether distilled water or physiologic saline was employed. 

When the propylene glycol-desoxycorticosterone acetate solution and water 
were mixed in dilutions up to 1 :28,000, a flocculate appeared immediately, 
which, under the microscope, was shown to consist of amorphous particulate 
matter of rather uniform size, approximately 3 to 5 microns in diameter. In 
a dilution of 1 :40,000 or above, this material has failed to show crystallization 
over periods up to twenty-four hours, whereas with greater concentrations, 
needlelike crystals varying in length from 9 to 60 microns rapidly made their 
appearance, being present in about thirty seconds in dilutions of 1 -.1,000. In 
dilutions up to 1 :2 0,000, all of the precipitated material changes to a crystalline 
form, within a very few minutes. Tins process was hastened by agitation, and 
eventually large floceula up to 1 or 2 cm. in length could be obtained in the 


higher concentrations. 


Discussion and Conclusions. — It is obvious from the above experiments 
that desoxyeortic osterone acetate precipitates from propylene glycol solutions 
in an amorphous form at first and remains in that form if sufficiently diluted. 
The individual particles of this precipitate conform quite satisfactorily to the 
size and shape of other particulate matter in the blood stream. However, if 
they are allowed to stand without too much dilution, acicular crystals result, 
which conceivably might act as emboli. 

The bedside application of these facts is important. In all our injections 
of propylene glycol solutions of desoxycorticosterone acetate into patients, we 
have used “wet-sterilized” syringes. Microscopic examination of the interfaces 
of solution and droplets of water in the syringe has routinely shown crystals 
of the material. Despite this, no palpable reaction from the injections has been 
observed. In six dogs receiving similarly prepared injections, no evidence of 
emboli could be detected grossly or microscopically. In one of these, with 
very large doses, precipitation of the material did occur within the lung, but 
without embolus or thrombus formation. In view of the above, we believe tie 
intravenous injection of solutions of desoxycorticosterone acetate in pi op} ene 
glycol (10 mg. per 1 c.c.) is a safe procedure within any known therapeutic 
range of dosage. However, in applying the drug in this fashion, it is im- 
portant to observe the following rules: 

1. An empty syringe should be used for inserting the intravenous neeme. 
As soon as the needle is shown to be in the vein, a syringe containing 
desoxycorticosterone acetate solution should be attached an . positive pr 
immediately established and maintained throughout the injection. 

2. Syringes for injecting the solution should be ' dry-sterilized 

any precipitation of the active ingredient. 

3. The material should be injected slowly, not to exceed a ra e • -j 
per minute. This assures its rapid dilution and should prevent the format.", 
of any acicular precipitate. 
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CLINICAL CHEMISTRY 


A PRACTICAL METHOD FOR THE DETERMINATION OF BLOOD 
VOLUME WITH THE DYE TJ824* 


A Survey of the Present Basis of the Dye-Method and Its 
Clinical Applications 


Magnus I. Gregersen 


T HE purpose of the present report is to make available for general use a 
practical method of measuring blood volume that was developed primarily 
for the Armed Forces. 

During the past sixty to seventy years numerous methods have been devised 
for measuring blood volume on intact animals or man (for example, dilution 
of the blood after large intravenous infusions 1 ; replacement methods 1 ; methods 
for measuring plasma volume from the dilution of slowly diffusible foreign 
substances such as foreign proteins, 2 ' 4 vital dyes/’ gum acacia/ and hemoglo- 
bin 7 ’ 8 ; the carbon monoxide 0 ’ 10 and radioactive iron/ 1 and the radioactive phos- 
phorus techniques for measuring the total erythrocyte volume 12 ’ 13 ). Of these, 
the dye methods have held the greatest promise of being suitable for routine 
clinical use, and the original vital red method brought forward by Keith, Bonn 
tree, and Geraglity 5 was actually simple enough to meet this need. While o 
serrations of great value were made with the Keith-Rowntree technique in its 
original form, experimental studies gradually disclosed that it was fai iom 
foolproof. Efforts to erradicate the sources of error and to satisfy certain 
theoretical objections to the method have led to numerous modifications or 
examples, use of other dyes ; attempts to improve the accuracy of the co orime nc 
determinations by employing various types of compensating coloiimeteis, spec 
trophotometers or photoelectric colorimeters instead of the simple co orime e , 
corrections for hemolysis in the samples; extraction of the die from tie p as 
samples; calculation of plasma volume from extrapolation of a one- to no 
time-concentration curve). As a result, the dye method lias become a 
elaborate, time-consuming procedure requiring highly specialize an exp 
equipment not generally available in clinics. The complicate na uie 
technique is not, however, the only consideration which has cause som 
tancy in applying the dye method. Controversies over suci un ame 
tions as the exact time required for mixing, the criteria of uni oim m x a , ^ 

•This work was done partly under grant from the J y|g5jj.^ Ia ^’ s //rch,° U between the Office 
under a contract, recommended by the Committee on . 

of Scientific Research and Development and Columbia Un * and Surge ons r Columbia 

From the Department of Physiology of the College of P y 
University. 

Received for publication, Sept. 11, 1944, 
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whether or not a significant fraction of the dye is lost during the mixing period 
have created the impression that the method rests upon rather insecure tenets. 
Furthermore, a few investigators have reported that consistent results could 
not be obtained with the dye method in shocklike states,"' 15 the very conditions 
in which a reliable determination of blood volume obviously would be of most 
immediate practical value. 

The method which is recommended here is the outcome of several years’ 
work on various aspects of the dye method' 0 '-’ 1 2 3 4 and of more than two years’ 
experience with blood volume measurements in various types of experimental 
shock in animals 18 and in the study of shock in man."' 28 The assumptions 
upon which the determinations of blood volume are based have been extensively 
tested under abnormal as well as normal circulatory conditions and confirmed 
by factual data. From this evidence it is possible to define the limits of the 
error introduced by simplifying the determination on man as described below 
and to show that this error is negligible in comparison with the reduction in 
blood volume observed in shock caused by trauma or hemorrhage. In view of 
the conflicts and controversies that have shadowed the dye methods, it has 
seemed desirable to supplement the description of the equipment and the method 
with a discussion of those questions which, in the experience of the writer, recur 
most frequently and which have persisted in placing the dye method in ill 
repute and in casting doubt upon blood volume measurements in general. 

The simplified method described here has special features .which makes it 
possible to determine the blood volume rapidly and with sufficient accuracy for 
practical purposes. 


1. The plasma concentration of the dye T-1824 is measured with 
the portable Decade Photometer designed by Nickerson. 20 

2. The total plasma volume is obtained from the dye concentration 
in a single blood sample drawn ten minutes after the dye injection. 

3. The critical and troublesome procedure of measuring out an 
exact amount of dye at the time of making the determination is elim- 
inated by using ampules containing a standard amount of dye solution 
of known concentration. This also eliminates all calculations from the 
determination of total plasma volume. By reference to a chart, the 
plasma volume is obtained directly from the Decade Photometer .read- 
ing. The total blood volume is then calculated from the plasma volume 
and the hematocrit. 

4. The hematocrit may be determined with the copper sulfate- 
specific gravity method 27 instead of with a high speed centrifuge. 'With 
the addition of the latter technique, all the equipment is readily 
portable. 


A. MATERIALS AND EQUIPMENT 


I. Dye solution (T-1824 ). — The dye is supplied in ampules containing 
exactly 5 c.c. of a solution of T-1824 which has been carefully standardized.* 
Tlie concentration (approximately 0.45 per cent in water) has been so adjusted 
that when the solution is diluted 1 :500 in human plasma or serum and rend at 


Vll ‘These ampules may be obtained from the Warner Institute of Therapeutic Research, 
a ®' v »ork, N. Y. The preparation on a large scale of ampules containing a fixed amount of 
“i e . was made possible through the cooperation of Dr. Marvin Thompson, Director of Research 
01 lh e Warner Institute. 
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624 m n in 10 mm. cells against an identical dye-tree blank, its optical density 
is 0.8.° Bach dye ampule is wrapped in a package containing also a 10 c.c. 
ampule of sterile saline which is needed in transferring the dye solution quan- 
titatively to a syringe (see Procedure). 

2. Syringes. — One to two dozen 10 e.c. syringes. These are packed and 
autoclaved in sterilizing tubes (see Fig. 1). 

3. Needles. — One-half dozen each of 19-, 20-, 21-, and 22-gauge needles for 
venipuncture. Platinum needles are recommended but not essential. For sharp- 
ening the needles use a small Arkansas stone. A pointed needle is preferable 
to one with a cutting edge. The needles are packed and autoclaved in needle 
sterilizing tubes (Fig. 1). For arterial punctures, the equipment should also 
include a 19- or 20-gauge needle of the modified Ungar type, 24 in which the 
inner section can be replaced with a tightly fitting, blunt obturator (Fig. 1). 

4. Stopcoclcs. — One or two water-tight, three-way metal stopcocks. 

5. Blood Tribes. — Pyrex serum tubes of 5 e.c. capacity (80 mm. by 10 mm.) 
as shown in Fig. 1. In the event that the hematocrit is to be determined by 
centrifugation rather than with the copper sulfate-specific gravity method, the 
equipment should also include some form of hematocrit tube, such as the 'Win- 
trobe (Fig. 1), which requires only a small amount of blood for the determina- 
tion. An alternative procedure is to use 4 c.c. hematocrit tubes (100 mm. by 
8 mm.)t and utilize the plasma from this source for both dye and plasma pro- 
tein determinations. 

6. Cories. — Impregnation with hot paraffin prevents blood from sticking 
to the corks and minimizes the danger of hemolysis. 

7. Anticoagulant. — The heparin produced by the Connaught Laboratories! 
is recommended for this purpose. Other dry anticoagulants may be used pro- 
vided they do not (a) alter the red cell volume, (b) influence the spectral 
absorption of the dye in plasma, or (c) change the density of the plasma itself. 

8. Pipettes for Collecting Plasma. — Made from 8 mm. glass tubing drawn 
out to a fine tip (Fig. 1) and equipped with a small rubber bulb (standard eye 
dropper bulb). 

9. Screw Cap Jars. — Three screw cap jars (2% inches in diameter, 3% 
inches in height). One jar for 70 per cent alcohol, one for sterile gauze, and 
one for used needles, which is filled with water and contains a rack (plastic) 
that serves to protect the needle points (Fig. 1). 

10. Charts. — Used for recording of data (Fig. 2). 

11. Carrying Case. — 9 by 9 by 16 inches (Fig. 3) fitted to hold the items.§ 

12. Decade Photometer.)) — Nickerson, 1944 28 (Fig. 4). 

13. Portable Outfit ( Including Hand Centrifuge^). — Used . for measuring 
specific gravity of whole blood and plasma with the copper sulfate method. 27 

B. DETERMINATION OF BLOOD VOLUME IN NORMAL SUBJECTS 

1. The condition of the subject (position, activity, and digestion) influences 
the plasma volume. Hence it is customary to measure the normal blood volume 

‘See Appendix for directions for standardizing. 

fMacAlaster Bicknell Co., Cambridge, Mass. 

JConnaught Laboratories, University of Toronto, Toronto. Can. 

IFlbre Products Manufacturing Co., New York, N. V. 

UBauseh and Lomb Optical Co., Rochester, N. Y. 

flEimer and Amend, New York, N. Y. 
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Blood Volume Determination 


Name 


Place 

Date 

Serial No. Age ____Sex M— . 


Weight Kg. lb. 

Height cm. in. Body Surface sq.M. 

History (e.g., type, extent and time of injury, treatment received, etc.) 


F 


T-1824 solution: Lot No. ; D, (1:500) ; c.c. injected ; vein 

Procedure: (e.g., technical difficulties, if any, encountered in carrying out the determination, 
method of rinsing dye syringe, and special circumstances such as lipemia or 
hemolysis that may influence the result.) 


■ 

TIME 

1 

t 

SAMPLE 

NO. 

VEIN 

ART. 

C.C. 

DECADE 
PIIOTOM- 1 
ETER 
READING 

HEMATOCRIT 

ANTICOAGULANT 

SPECIFIC GRAVITY 

TOTAL CELLS 

% CELLS 

BLOOD PLASMAi 

% p-p. 

% CELLS 










































Results : 






Blood Volume 

c.c. ; 

c.c./Kg. ; 

c.c./sq.M. 

Red Cell Volume 


c.c./Kg.; 

c.c./sq.M. 


Fig, 2. — Protocol sheet Indicating the pertinent data that should be recorded with each d<r 

termination o£ blood volume. 


under reasonably basal conditions. The subject should be in a postabsorpt ]Te 
state* and should remain quiet, lying down for at least fifteen to twenty minutes 
before and throughout the determination. 

2. Attach a 20- or 21-gauge needle snugly to any well-fitted 10 c.c. syringe 
Draw up 1 to 2 c.c. of sterile saline, wet the barrel, and expel all air bubbles, 
leaving the needle as well as the tip of the syringe filled with saline. Bern, 
careful to avoid the introduction of air, draw in all of the 5 c.c. of dye in 
ampule. Follow this with another 1 to 2 e.e. of saline in order to wash the 
in the needle back into the syringe. Detach the needle and expel any air bu ® 
that may be present. 

Do not attempt to rinse the ampule with saline. The amount of dye sobM® 
remaining in the ampule has been determined and allowance has been ma e 

•The lipemia resulting from a recent fatty meal may be troublesome in the dye 
nation and lead to error, especially If the degree of lipemia is not identical in 
and dye-tinged blood samples. See discussion of this question on page 1275. 
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Fig. 3. — Blood volume It It. The lower compartments provide space for several dye units, addl- 
tional syringes, etc. 



„ Fie. 4.— Nickerson Decade Photometer (Bausch and Lomb Optical Company, Rochester, 
New York). The Instrument Is permanently attached to the door of the carrying case, tthen 
open, the case forms a convenient base of such height that when placed on an ordinary table 
the eyepiece of the Instrument Is at eye level. 
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this in the filling of the ampule. Tests have shown that the overall error in this 
method of giving the dye is within 0.5 per cent. 

3. Without stasis collect 4 c.c. of blood from the antecubital vain (dye-free 
sample). Detach the syringe from the needle (leaving the needle in the vein) 
and empty the blood into a 4 c.c. hematocrit tube or 5 c.c. serum tube (see under 
6) containing 1 mg. dry heparin. Cork the tube to prevent evaporation. 

Precautions: The practice of making a venipuncture with a single quick 
jab is not recommended. Go through the skin with a quick thrust, but be 
deliberate in entering the vein, for if by chance the needle penetrates the opposite 
wall of the vein, some of the dye may escape during the injection which follows 
immediately. After the needle is in the vein, wait for one-half to one minute 
before drawing the sample. By this time the effects of momentary stasis will 
usually have disappeared. 

4. Through the needle already in the vein inject the 5 c.c. of standard 
T-1824 solution and note the time. Make sure that none of the dye escapes 
outside the vein. Rinse the syringe several times (three to five) with blood be- 
fore withdrawing the needle. 

5. Exactly fen minutes after the dye injection, collect another 4 c.c. sample 
of blood without stasis from the opposite antecubital vein. Transfer this sample 
to a second 4 c.c. hematocrit tube or 5 e.e. serum tube containing heparin. 

6. Determine the specific gravity of the whole blood with the copper 
sulfate method. 27 After centrifugation of the samples, determine the specific 
gravity of the plasma. The relative erythrocyte volume as obtained by the con- 
ventional hematocrit method is calculated from the equation 


Per cent erythrocytes = 


(blood sp. gr.) — (plasma sp. gr.) 
1.0971 — (plasma sp. gr.) 


in which 1.0971* is the specific gravity of human red cells. Look for evidence 
of hemolysis in the supernatant plasma in both tubes (see under D). The hema- 
tocrits and plasma protein values may be obtained also by reference to the 
charts provided by Phillips and 'co-workers. 27 

Alternative procedure : If a high speed centrifuge is readily available, the 
hematocrit may he determined by centrifugation for thirty minutes at 3,000 
r.p.m. (radius 15 cm.). Provided the samples are properly taken without 
stasis, the hematocrits in the dye-free control and dye-tinged samples should 
agree within 1 or 2 per cent. 

7. Collect about 1 c.c. of clear plasma from each blood sample -with two 
narrow-tipped pipettes of the type described. Transfer each plasma sample 
directly to the appropriate cup of the Decade Photometer. With the dial of the 
Decade Photometer toward your left, turn the outer dial (coarse adjustment) 
clockwise until the right-hand field is slightly lighter in color than the left 
(dye-tinged plasma). Make the fine adjustment by turning the central knob 
until the two fields match. t Record the number on the dial. This number 
represents the plasma dye concentration expressed in terms of optical density 


♦The value 1.1036 will give the true relative cell volume. 

t The filters in the coarse adjustment « i n ^ r to il, n o 0 p g tl W i s ? e C "f OAU.' 1 
1.7. The fine adjustment ranges from 0.00 to 0.09 m steps oi 
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at 624 xnji. From this value the total plasma volume is obtained directly by 
referring to the chart* shown in Fig. 5. The total blood volume is then cal- 
culated from the following equation: 


Total blood volume c.c. — 


Plasma volume c.c. 
1 — hematocrit 


C. DETERMINATION OF BLOOD VOLUME IN PATIENTS IN SHOCK 

In shocklike states the peripheral venous circulation is usually poor. The 
veins arc collapsed and blood can be obtained from them only with great dif- 
ficulty, if at all. In severe cases the veins may be so constricted that fluid can 
be forced through them only under considerable pressure Venous blood samples 
obtained under these conditions are not representative of the circulating blood. 
In all such instances the samples should he drawn from an artery (brachial or 
femoral). , 

Only one arterial puncture need be made. This can be done without pain 
or discomfort to the patient by infiltration with a little 2 per cent novocain at 
the site of the puncture. A 19- or 20-gauge needle equipped with a tightly 
fitting obturator (Fig. 1) is inserted into the brachial artery at the start and 
left in place. The dyc-frce and dye-tinged samples can then be drawn without 
delay when desired by removing the obturator. When withdrawing the arterial 
.needle, be sure to apply pressure for a few minutes to prevent hematoma forma- 
tion. 

After the arterial needle is in place, insert a 19- or 20-gauge needle into 
one of the antecubital veins. Attach to the needle a water-tight, three-way 
stopcock; the side outlet of the stopcock is connected with a saline reservoir or 
a syringe filled with saline. Force saline gently into the vein until the obstruc- 
tion to flow has disappeared. At this point collect a dye-free blood sample 
from the artery. Attach the syringe containing dye to the other outlet of the 
stopcock; inject the dye into the vein and record the time. Rinse the syringe 
two or three times by filling it with saline from the reservoir and expelling the 
contents into the vein. Make sure that all the dye is washed into the circulation. 
The dye must not be injected into the artery. 

In normal subjects the average time required for complete mixing of the 
dye is about nine minutes. In cases of severe shock this is increased to fifteen 
minutes. 23 The ten-minute sample may therefore be supplemented by a fifteen- 
minute sample. However, the difference in the plasma volume calculated from 
these two will not in general exceed 4 to 5 per cent. If there is a difference, 
the fifteen-minute figure is taken as correct. 


D. GENERAL CONSIDERATIONS IN THE MEASUREMENT OF BLOOD VOLUME 

* Successful use of the dye method in measuring blood volume depends largely 
upon a knowledge of its limitations and the manner in which various conditions 
and technical errors may influence the results. The circumstances under which 
the measurement is made should, in even- instance, be considered in regard to 
their possible effects on the accuracy of the plasma dye determination and on 
the mix ing and disappearance of the dye. 

^ 'This chart la. of course, applicable only with the solution of T-1821 prepared and 
“tanaardlzed for this purpose. 
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, Del ci mined. ion of the Plasma Dye Concentration . — The first requirement 

foi ail acemate colorimetric determination of the plasma dye concentration is 
that the relation between the concentration and spectral absorption of the dye 
be fixed. The spectral absorption of T-1S24 is influenced by salts, by the pH, 
and by colloids, but in plasma or serum the color of the dye is remarkably 
stable. 15 This stability appears to be related to the phenomenon of selective 
binding of the dye by the plasma albumin. 28 The spectral absorption of T-1824 
is the Same over a very wide range of dye-albumin ratios. Nevertheless, if the 
dye is used, in cases 'presenting extreme pathologic changes in- the composition 
of the blood, the dye solution should be standardized with plasma . or serum from 
the patient in question. 

The second basic requirement is that the control (dye-free) and unknown 
(dye-tinged) plasma samples be identical in every respect except for the dye 
present in the latter. Otherwise the difference in optical density is not a true 
measure of the dye concentration. As will be seen, errors of this nature usually 
arise from failure to observe rather simple technical precautions. 

Inherent Color of the Plasma . — The optical density of normal plasma at 
620 to 625 nip, the region of maximal absorption of T-1824 in plasma, is small 
(usually 0.1 or less) in comparison with the density (1.0 to 1.2) obtained after 
giving the usual amount of dye employed in determining the plasma volume. 
Consequently the effect of variations in the natural plasma color during the 
interval between the withdrawal of the control and unknown samples will, in 
general, be negligible. This is obviously no longer true if the optical density 
of the control plasma is high as, for example, when the plasma is already heavily 
tinged with dye remaining in the blood stream from previous injections (residual 
dye) . It then becomes imperative to ascertain whether or not the plasma has 
changed in concentration during the interval in question. This information 
can best be obtained by comparing the plasma protein concentrations in the two 
samples, and, therefore, some convenient and rapid method of estimating the 
plasma proteins (refractoineter, falling drop, or copper sulfate method) should 
always be included as a routine part of the procedure. If the hematocrit values 
and the plasma protein levels in the control and unknown do not agree, the 
reason is either (1) that the plasma volume is changing rapidly, or, more likely, 
(2) that the samples have been drawn without adequate precautions against 
stasis. Hence, when circumstances permit, it is advisable to draw’ duplicate 
samples separated by approximately a 'minute. The presence of stasis will be 
revealed by lower values for hematocrit and plasma protein in the second 
sample of such a pair, and when this is the case, the second sample should be 
taken for the determination. 


It is evident from these considerations that for maximal accuracy in the 
photometric determination of the plasma dye concentration, (1) the samp es 
must be obtained without stasis, and (2) the composition of the blood should 
remain fairly constant during the interval between the withdrawal of the con- 
trol and unknown samples. This is especially true if for any leason ( oi e. 
ample, residual dye, lipemia, hemolysis, high concentration of bile P^entsJ 
the optical density of the control plasma is large in comparison with the diftei- 
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ence in density between the control and unknown. Hence it is not advisable 
to determine plasma volume while giving an infusion.* 

The presence of lipemia may lead to considerable uncertainty in the dye 
determination. Whenever possible, the difficulty with lipemia should be avoided 
by planning the determination at a time when the patient is in the postabsorptive 
state. It may be stated however that in studies of accident cases, lipemia was 
seldom encountered. 24 ' 30 

Theoretically, lipemia should not interfere with the dye determination if 
done with a spectrophotometer, 16 provided the degree of lipemia is exactly the 
same in the control as in the unknown. Such may actually be the situation at the 
time of sampling. However, if the samples are allowed to stand for several horn’s, 
fat begins to accumulate at the surface of the sample (especially in the cold), and 
in the experience of the writer, the degree of lipemia may then vary considerably 
in a series of samples although taken simultaneously. The results appear to be 
more consistent if the dye determinations are done as soon as possible after the 
samples have been drawn. If the determination is delayed, some attempt should 
be made to extract most of the fat. This can be done either by centrifugation 
at high speed (18,000 r.p.m.) or by shaking with ethylene dichloride. Since the 
plasma is still somewhat opalescent after the treatment described, neither of these 
methods is completely satisfactory. More effective methods at present available 
for dealing with lipemia (extraction of the dye from the plasma, 30 or decolora- 
tion of the dye 31 ) are fairly laborious and impractical for routine clinical or 
held determinations of blood volume. Furthermore, the reagents dilute the 
original plasma several fold, and hence it becomes necessary either to increase 
the sensitivity of the dye determination or to increase the dose of dye injected, 
which is undesirable because of the, tissue staining that results. 

Gross hemolysis inadvertently produced in the course of the drawing or 
subsequent handling of the blood samples is the commonest source of error in 
the dye determination. Although the errors from hemolysis are greatly mini- 
mized by using T-1S24, which permits the readings to be made in. the region of 
the spectrum above 600 mju. where the absorption by hemoglobin is relatively 
small, 16 ' 10 ' 20 it must be emphasized that marked hemolysis in either the control 
or the unknown sample may throw the determination off by 5 to 10 per cent. The 
presence or absence of hemolysis should always be noted and recorded for 
each sample as evidence of whether or not the readings are trustworthy. The 
blue color of the dye does not obscure hemolysis. Even small traces of hemolysis 
in the plasma samples are readily detected by inspection of the tubes against a 
white background. If the degree of hemolysis is so slight that its presence is 
questionable, the observer may be assured that the effect on the dye determina- 
tion will, for all practical purposes, be negligible. 

Circumstances may be encountered in which the circulating plasma is al- 
ready tinged with hemoglobin (severe burns, extensive contusions of muscles, 
and after transfusion with whole blood which has been stored for some time). 


. , ‘Progressive bleeding, however, does not Interfere with the measurement unless the 
bieedlnpr Is associated with rapid changes in the composition of the blood. To be sure, the 
otood that escapes during the ten-minute period allowed for mixing- will contain dye but in 
approximately the same concentration as the blood remaining in the circulation. For this 
fgason the calculated volume includes the blood lost during- the mixing- period. In other words, 
we determination will give the volume at the time of the dye injection rather than that In 
circulation when the dyc-tinged sample is drawn. 
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This condition does not of itself interfere with the dye determination inasmuch 
as the hemoglobin content of the circulating plasma will be essentially the same 
dm mg the short period of time required for a plasma volume determination. 18 
The samples must, however, he obtained- without additional hemolysis. Unless 
the circulating plasma is definitely known to be tinged with hemoglobin, the 
presence of hemolysis in any of the plasma samples is invariably the result of 
failure to observe certain simple precautions: 

1. All needles, syringes, sample tubes, and corks with which the 
blood comes into contact must be not only clean, but absolutely dry. 

2. The cleaning of the equipment should be carefully supervised 
to make sure that soap or cleaning fluid used in the washing is com- 
pletely removed by repeated rinsings. 

3. Avoid drawing air into the syringe when collecting blood. 
When emptying the syringe, do not squirt the blood into the sample 
tube, but allow it to flow gently. Inclusion of air bubbles or froth in 
the sample is prone to cause hemolysis. 


Mixing Time and Disappearance Rate of Dye. — The simplified procedure for 
measuring plasma volume outlined leads .one to presume that the dye is uni- 
formly mixed with the circulating plasma within ten minutes after the injection, 
and also that the amount of dye lost from the circulation during this interval 
is negligible. Are these assumptions valid? The evidence which is based on 
interpretations of the time-concentration curved wall be considered briefly. 

As Erlanger pointed out, 1 "Only that part of the (dye) concentration 
curve is indicative of the rate of disappearance which is inscribed after dis- 
tribution (of dye) has become uniform.” -He also stated, "It is barely pos- 
sible that by means of backward exterpolation from the latter parts of the 
curve it might be possible to determine not alone the percentage disappearance 
during the mixing period, but even the duration of the mixing period and the 
concentration at the termination of the injection.” The writer adopted the 
extrapolation method of determining the initial dye concentration in the sum- 
mer of 1934. 


This procedure, which is an attempt to correct for the dye lost during 
the mixing period and, therefore, to make the determination of plasma volume 
independent of variations in mixing time as well as disappearance rate,, has 
since been widely employed. In spite of the theoretical objections arising 
from the fact that the curve of disappearance of dye does not, strictly speaking, 
follow a straight line on a linear plot, the approximation is usually quite ade- 
quate for the purpose of measuring the volume. However, in all instances it 
cannot be relied upon to give a precise estimate of the time of mixing. Even 
in normal subjects at rest, one may occasionally find a time-concentiation curie 
in which the '"mixing” and "disappearance” portions of the curve blend so 
gradually that it is difficult to decide exactly at what point mixing ceases to 
influence the dve curve. Conditions involving slowing of the circulation (for 
example, shock) accentuate the difficulty. In all such instances the interpreta- 
tion of the data necessarily depends upon the assumption which is made in re- 
“a t 0 the enact tom of the disappearance curve. Vane™ l.nes of evrfence 
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now available indicate that this may be defined by a straight line on a semilog 
plot (logarithm of the plasma dye concentration plotted against time). The 
evidence in part is as follows : 

The remarkably slow rate of disappearance of T-1S24 32 and the effect of 
plasma or scrum on its solubility and spectral absorption suggested the dye 
combines with plasma protein. 10 This has recently been clearly demonstrated 
in various ways by Kawson, 28 who finds that T-1S24 in plasma or serum is 
firmly and selectively bound to the albumin. Thus if the escape of T-1824 
from the blood stream is determined mainly by the rate of exchange of albumin, 
the disappearance curve should be exponential in character. 21 Careful examina- 
tion of T-1824 time-concentration curves confirmed this prediction and showed 
that the disappearance of the dye is best defined by a straight line on a semilog 
plot. 21 This conclusion removes the element of personal judgment from the 
estimation of the length of the mixing period. The latter is clearly revealed 
by the deviation of the early portion of the dye curve, from the straight line. 

It is apparent that any change in volume during the period of measure- 
ment may influence the dye curve and lead to an erroneous estimate not only 
of the mixing time, but also of the disappearance rate. If the plasma protein 
or hematocrit values obtained from the various dye-tinged blood samples indi- 
cate that such changes in volume have occurred, the dye readings must be ad- 
justed by applying the factor P„/P t in which P„ is the plasma protein concen- 
tration in the control sample taken immediately prior to the injection of dye 
andP,, the protein concentration in the dye-tinged sample in which the observed 
dye reading is D t . The corrected dye reading D„ is obtained by the following 
simple formula: 



In making this correction for fluid shifts, one obviously assumes that the total 
amount of circulating protein remains constant during the period covered by 
the dye curve. Determinations of plasma volume immediately before and after 
the occurrence of large fluid shifts demonstrate that the assumption, in general, 
is valid. 

During the past year we have analyzed a large number of time-concentra- 
tion curves to determine the mean values and range of variation in mixing 
time and disappearance rate of T-1824 in normal subjects and in patients suf- 
fering from various degrees of hemorrhage, skeletal trauma, abdominal injuries, 
head injuries, or burns. 25 In fifty-one normal male subjects the mean disap- 
pearance rate (expressed as per cent fall in dye concentration during the first 
hour after injection) was slightly over 5 per cent ; the values ranged from 3 
to 11 per cent per hour. The mean value for twenty-four patients in shock 
from hemorrhage or skeletal trauma was 8 per cent. In thirty-five patients with 
similar injuries but without symptoms of shock, the average disappearance rate 
was 8.4 per cent. In burns the dye escaped more rapidly, the average from 
six patients being about 15 per cent, with some values as high as 25 per cent. 
A. similar increase in the disappearance rate was also found in certain cases 
of abdominal injuries. The average mixing time on normal subjects was nine 
minutes; in patients in shock, about fifteen minutes; after emergence from 
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shock, seven minutes. In patients with similar types of injuries but not in 
shock, the average mixing time was also about seven minutes. 

These observations show clearly that there is little change in disappearance 
rate of dye with the appearance of symptoms of shock. A significant increase 
in the rate of escape of dye occurs only in patients in whom extensive areas 
of the capillary bed have been injured (for example, burns). Although in 
severe cases of shock there is some increase in the mixing time, it can by no 
means be claimed that mixing fails to occur. These data therefore refute the 
view that the dye method is unreliable for measuring plasma volume in shock. 
The conclusion that the dye method is reliable in this condition has also been 
reached by Evans and associates 20 from the examination of dye curves obtained 
on patients suffering from various degrees of shock. 

Systematic analysis of the dye curves also demonstrated that a reliable 
determination of plasma volume can, as a rule, be made from the dye content 
of a single sample drawn ten minutes after the dye injection. 25 Comparison 
of the plasma volume calculated from the ten-minute sample with the more 
accurate results obtained by extrapolation of the disappearance curve to the 
time of injection showed only minor differences. Nearly all values calculated 
from the ten-minute sample fell between -2 and +4 per cent of the true plasma 
volume. It may be noted that any error arising from incomplete mixing tends 
to counterbalance the error introduced by disregarding the loss of dye during 
the mixing period. 25 

The simplified technique of measuring plasma volume from a single dye- 
tinged sample drawn at ten minutes must, of course, be used with discretion. 
Our data demonstrate that it is a valid procedure in normal subjects and in 
patients who have suffered severe injury from hemorrhage, trauma, burns, etc. 
Adequate data have not so far been obtained to permit general application ot 
the technique to other types of circulatory failure (for example, cardiac failure) 
in ivliich mixing may be greatly prolonged. 

Estimation of Total Blood Volume from the Plasma Volume and Hemato- 
crit . — The question here is whether or not the total blood volume as caleu a e 


from the formula B f m , a * 10 0 corresponds to the true bleed «rl- 

100 — hematocrit °/o . . i 1 five 

ume. This depends upon (a) the accuracy of the determination of ie 
erythrocyte volume and (b) whether or not the sample selected foi tns p 
pose is truly representative of all the blood in the circulation. _ . 

(a) Comparison of the hematocrit method with other means of 
the relative erythrocyte volume has shown that the former gives a va ue ^ 
is 3 to 4 per cent too high,® the reason being that a small fraction oft 
remains trapped in the cell mass during centrifugation. 22 ' 34 Strict) sp ‘ ^ 
a correction factor of 0.96 should therefore be applied to the hema ocrl ^^ {e 
as determined by centrifugation, or, if determined with the C0 PP“ rat]ier 
method, the figure used for specific gravity of the cells should be . ^ 

than 1.0971. However, for practical purposes this refinement is ^ im ^ or npar5- 
for in most cases the disturbance in blood volume must be gauge ) 

- fl r I COfll 

‘Chapin and Ross 31 and the difference to be about 8 In Uicse «P en 

oared values obtained with T-1824 with those determined cent 

ments the difference in results with the two methods was again 3 to 4 per 
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son with an assumed normal value derived from data which, in general, have 
not been corrected for the systematic error inherent in the hematocrit determina- 
tion. Furthermore, the error is insignificant in comparison with the range of 
normal variations (see Fig. 7). 

(b) The concentration of erythrocytes in the blood coursing through the 
large veins and arteries from which samples arc customarily drawn is not neces- 
sarily the same as that in all parts of the vascular bed. In the spleen, for 
example, the per cent cells is higher,” whereas in the capillaries and small 
vessels the ratio of cells to plasma is considerably lower than that given by 
the central venous or arterial hematocrit.’"'’' To what extent does this in- 
validate the calculation of total circulating red cell volume and total blood 
volume? 

Measurements of blood volume with the carbon monoxide method by Smith 
and co-workers 38 * and more recent observations with the radioactive iron 
method” have indicated that the central venous hematocrit is considerably higher 


. / total red cell volume \ . 

than the body, hematocrit (-fJSTtan-Stane + total red cell volume]' That 

is to say, the total red cell volume calculated from plasma volume and the cen- 


tral hematocrit appears to be falsely high. Bazett and associates, 41 however, 
found only slight differences in the total blood volumes determined with carbon 
monoxide and dye (congo red). Expressed as percentages of the real blood 
volumes (taken to be the sums of plasma and cells as separately determined), 


the average value obtained with the dye method was 103 per cent, and with 


the carbon monoxide, 96 per cent. 


During the past year Houghton, Root, and the writer have re-investigated 
this question, 18 employing improved methods for determination of carbon mon- 
oxide. In simultaneous measurements with the dye method (T-1824) and with 
carbon monoxide (inhalation of carbon monoxide or injection of blood satur- 
ated with carbon monoxide), the agreement is quite satisfactory. Expressed 
as per cent of the true volume (plasma volume determined with T-1824 plus 
red cell volume determined with carbon monoxide), the total blood volume 
calculated from plasma volume and the relative erythrocyte volume (centrifuge 
hematocrit x 0.96) was as follows : 

AVERAGE 


Normal male subjects 
Normal dogs 

Normal splencctomlzed dogs 
Dogs in. shock after muscle trauma 
Dogs in shock after hemorrhage 


101 

99 

103 

102 

97 


It is clear from these observations that the total blood volume may be 
satisfactorily estimated from the plasma volume and the hematocrit not only 
under normal conditions, but also in conditions of shock. This has been in- 
directly confirmed by plasma volume studies on patients in shock. In cases 
where bleeding had been stopped, the total red cell volume determined from 
the plasma volume and the hematocrit at the time of admission, plus the amount 
of cells given in transfusion, agreed closely with the total cell volume determined 
subsequently after the patient had emerged from shock. 
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F,ff - 5 - Fig. G. 

... .. Chart for obtaining the plasma volume directly from the Deearle Photometer 

reading (optical density of the ten-minute plasma sample read against the control plasma 
drawn just before the dye injection) when using the standard ampule of T-1824. 

Struct S r aWTT i I o£ tota i 1 P' asma volume to body weight. The chart has been con- 
structed from the average normal plasma volume per unit body weight f 45 cc/ktr). The 
broken lines indicate the range of normal variations. weignt (40 c.c./Kg.). i.ne 



Fig. 7. 


Fig. 8. 


Fig. 7.— The relation of total blood volume to body weight As in Fig. G, the graph has 

a°S?S5Sgl $£. U is e d a ^eTof n T4 ffl? of re- 

1 u c t ton* ‘i n °vo lu me? 2 °oTnmre V liteVs’ 0/ blooTwill be required to restore the blood volume to 

10rm ^8^uS^^e, y the normal amounts of total circulating hemoglobin, 
otal red cell volume and tofal cTrculating plasma protein in relation to weight 
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The foregoing facts must not be misconstrued. They do not disprove that 
the cell to plasma ratio is less in the capillaries than in the larger vessels. How- 
ever, the extent to which such unequal distribution of red cells affects the estima- 
tion of total blood volume obviously depends on the fraction of the total blood 
present in the capillaries and small vessels. The blood held in this region of the 
vascular bed is estimated to be only 10 to 15 per cent of the total, 42 and this is 
in agreement with the amount of plasma that appears to be involved in the slower 
phases of mixing. 21 


E. NORMAL BLOOD VOLUME IN MAN 

Figs. 6 and 7 show the general relation of plasma volume and total blood 
volume to body weight. The charts were constructed by applying the average 
values obtained from measurements on normal young men to the entire range 
of body weights shown on the abscissa. The chart is therefore an approxima- 
tion, but greater refinement does not seem justifiable until large series of 
measurements made with the same technique become available. Fig. 8 shows the 
• relation of total circulating hemoglobin, red cell volume, and plasma protein to 
body weight; it has been constructed from the preceding blood volume charts 
and from average normal values for hemoglobin, per cent erythrocytes, and 
grams per cent plasma protein. Body weight rather than surface area has been 
chosen for the abscissae in Figs. G, 7, and 8 for simplicity in utilizing the charts. 
As a matter of fact, the correlation of blood volume with body weight appeals 
to be as satisfactory as with surface area. In emergencies where a patient 
cannot be weighed, his own report or an estimate of body weight by an ex- 
perienced person may be quite satisfactory for purposes of determining the 
amount of blood or blood substitute required to bring the patient out of the 
danger zone. 

discussion 

In spite of the fact that reduction in blood volume has long been regarded 
as the primary cause of shock, with rare exception this measurement has been 
omitted from all but recent investigations of the problem. The general con- 
cepts of shock developed after World War I retarded the application of the 
dye method to this condition. It was believed that shock was accompanied 
by general increased capillary leakage of plasma, and hence, as pointed out 
above, it was thought that rapid escape of dye from the circulation would in- 
validate the results. However, the evidence obtained in this laboratory during 
the past three years 18 ' 43 shows that the reduction in blood volume is fully ac- 
counted for without assuming that there is a generalized leakage of plasma from 
the circulation. Indeed, fluid is actually absorbed by the blood stream in the 
uninjured regions, and to a considerable extent this serves to compensate for 
the local loss of blood and fluid at the site of injury. It may be added that 
this is entirely in accord with the common finding that patients in shock after 
either hemorrhage or skeletal trauma show' a tendency toward hemodilution 
rather than hemoconcentration. 25 The latter was observed only in patients who 
had suffered from exposure and dehydration subsequent to the injury or in 
patients where the injury involved a large area of the capillary bed (for ex- 
ample, burns, abdominal injuries with peritonitis). Although the disappearance 



1282 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


rate of dye may be considerably increased in cases of burns, the plasma volume 
can nevertheless be measured accurately by employing the extrapolation method 
which corrects for the dye lost during the mixing period. Even if the increased 
dye loss is disregarded and the volume is determined from a single dye-tinged 
sample taken at ten minutes after the injection, the error in measurement is 
only 3 to 4 per cent. 

_ ' Tiie radical changes in distribution and flow of blood in severe shock re- 
quire that careful consideration always be given to the matter of obtaining a 
fair” sample of the circulating blood. Peripheral vasoconstriction in shock 
ordinarily precludes the use of superficial veins, and the samples must therefore 
be drawn from deeper veins or preferably from an artery. Failure to observe 
this precaution has probably been one of the principal reasons why some in- 
vestigators have been unable to obtain consistent results with the dye method. 
The precaution of course applies equally to other methods of determining blood 
volume. 


The potential value of blood volume determinations in the diagnosis, prog- 
nosis, and treatment of shock has been greatly enhanced by recent experimental 
studies on animals 18 as well as by studies on human cases of shock. 24 ’ 25 The 
results of these investigations fully confirm the general conclusions reached by 
Keith 44 and Robertson and Bock 43 from their studies on wounded men during 
World War I. In eases of hemorrhage and skeletal trauma, the train of events 
leading to shock is initiated by a large reduction in blood volume. 18 ’ 43 In both 
dog and man an acute reduction of 30 to 40 per cent in the circulating blood 
volume is followed within one or two hours by the appearance of characteristic 
symptoms of shock. For practical purposes of therapy, it may therefore be 
concluded that a patient showing the clinical picture of severe shock after 
hemorrhage or skeletal trauma has lost about two quarts of blood. 

Since the reduction in blood volume precedes the appearance of the symp- 
toms of shock, it constitutes a valuable prodromal sign, and early determination 
of blood volume may therefore be most useful as a means of predicting whether 
or not shock is impending. With this information available, shock can be com- 
batted before it develops. • Furthermore, one can estimate the minimum amount 
of blood or blood substitute necessary to bring a patient out of danger of shock 


from reduced blood volume (see Fig. 7). It is obvious that this may he a 
matter of critical importance where only a limited supply of blood or blood 
substitute happens to be available for a large number of casualties. 

Ideally, intravenous therapy should achieve restoration of the normal vol- 
ume as well as the normal composition of the blood. For lack of better criteria 
the doctor often depends upon hematocrit and plasma protein measurements as 
indexes of whether or not adequate amounts of blood or plasma have been given. 
These data may be misleading, however, expecially in cases where variaie 
amounts of cells and plasma proteins are being continuously lost from the cir- 
culation (undisclosed slow hemorrhage, burns, abdominal wounds peritonitis). 
The danger lies not only in failure to maintain an adequate blood volume but 
also in the excessive use of plasma, etc., and thereby running the risk of in- 
ducing heart failure or pulmonary edema. In these cases, a determination of 
the blood volume provides a reliable guide to therapy. 
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Great emphasis has been placed on the role of diminished blood volume in 
causing shock. One must not, however, lose sight of the fact that failure of the 
circulation may occur without any essential change in the amount of circulating 
blood. This may be the case in head injuries, 2,1 75 in bleeding into the peri- 
cardium (cardiac tamponade), myocardial failure, and in toxemias similar to 
histamine shock.' 0 In such eases a determination of blood volume is an aid in 
the differential diagnosis and shows whether or not transfusion should be 
included in the treatment. 

Another important use for blood volume determinations has appeared in 
the study of convalescent patients and those with chronic wound infections.* 7 
In these patients, who usually undergo extensive loss in body weight over a 
period of weeks or months, the deficiency in blood volume should probably be 
evaluated in terms of the individual’s normal body weight. On this basis, 
the reduction in volume may be of the order of 60 to 70 per cent. 48 Neverthe- 
less, the hematocrit value and the plasma protein concentration may remain 
essentially normal and give no indication of the large deficiency in blood volume. 

Finally, it is well to note that the present emergency provides an un- 
paralleled opportunity for determining normal standards of blood volume on 
comparable groups of men living under a great variety of environmental con- 
ditions, Indeed, such normal standards are essential for the correct interpreta- 
tion of blood volume on casualties in the various theaters of war. A broad study 
of blood volume in men exposed to artie, desert, and tropical environments 
should also be undertaken with the aim of determining the blood volume levels 
required for maximal physiologic efficiency. 

The technique described has been successfully employed for some months 
by Major Champ Lyons, Major John Stewart, and Captain Octa Leigh, who 
undertook to make practical tests of the method in the European theater of 
operations. 

SUMMARY 

A practical method of determining plasma volume and total blood volume, 
designed for use by the Armed Forces, is described. The method is based upon 
measurement of plasma volume with the dye T-1824. The total blood volume 
is then calculated from the plasma volume and the hematocrit. All of the 
equipment is portable. 

Simplification of the technique is dependent on (a) the use of the new 
Decade Photometer recently designed for this purpose by Nickerson; 78 (b) the 
demonstration from analysis of a large series of time-concentration curves of 
T-1824 that a single dye-tinged sample taken at ten minutes after injection 
of dye is adequate for a reliable determination of the plasma volume; (c) the 
use of a standard amount of dye for the determinations with the result that the 
plasma volume is obtained directly from the photometer reading; (d) the use 
of the copper sulfate-specific gravity method of Phillips and co-workers 27 in- 
stead of a centrifuge for the determination of the relative erythrocyte volume 
(hematocrit). 

The precautions which are necessary for successful use of the present method 
and also various theoretical considerations pertaining to the measurement of 
blood volume are discussed in some detail. 
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Some of the practical applications of blood volume determinations to the 
problems of shock, burns, convalescence, physiologic efficiency, etc., are men- 
tioned briefly. 

APPENDIX 

Calculation of Plasma. Volume. — The plasma volume is calculated from 
the relation C, x V, = C 2 x V 2 , where 

— concentration of dye solution injected 
= c.c. of dye injected 

C 2 = concentration of dye in plasma obtained ten minutes after the injec- 
tion 

V 2 = plasma volume. ; 

Since the concentration of dye is directly proportional to the optical density, 
the equation may be written (D, x 500) V 1 = D 2 x V 2 in which 

Di = tke density of the standard dye solution diluted 1 :500 in plasma, and 
D 2 = the density of dye in the circulating plasma after uniform mixing 

(ten minutes). Hence, plasma volume in c.c. = Sl x x ^ 

D 2 

The concentration of dye in the standard ampule (0.46 per cent) has been 
adjusted to give a value for D, of 0.8 when using 10 mm. absorption cells. 
Since is also a constant (5 c.c.) and D 2 is read directly on the photometer 


Plasma volume in c.c. 


0.8 x 500 x 5 

D, 


or simply 


2,000 


Photometer reading 


A wide range of plasma volumes (1,150 to 6,500) can be determined with- 
out any change in the procedure outlined. If, however, the photometer read- 
ing exceeds 1.79 (plasma volume less than 1,150), -read the sample in 5 mm. 
depth instead of 10, multiply the reading by 2, and proceed as before in cal- 
culating the plasma volume. If the reading approaches 0.3 (plasma volume 
greater than 6,500), read the sample in 15 mm. depth and divide the value by 
1.5. In this manner the range may be extended to include plasma volumes from 
600 c.c. up to 10,000 without altering the amount of dye injected (see Pig. 5). 

The dose of T-1824 in the standard 5 c.c. ampule is adjusted for deter- 
minations on adults. Unless given several times within a period of a few hours, 
this amount (approximately 23 mg.) will not cause visible staining of the 
subject. For routine determinations on small subjects or on children it is 
advisable to reduce the dose. This may be done without sacrificing accuracy 
by reducing the concentration of the dye solution rather than the volume in- 
jcctccl. 

Standardizing the Dye .— Use only pipettes and flasks that have been care- 
fully calibrated. 

A 1-50 dilution of standard dye solution in distilled water. Deliver 
exactly 1 c.c. of dye from the standard ampule (0.46 per cent) into a 50 c.c. 
volumetric flask and make up to volume with distilled water. 

B. 1:500 dilution of dye in plasma. Mix 0.2 c.c. of A with 1.8 c.c. o 

dear piasma^or serum .0 2 ^ distffled water with l.S c.c. of the same plasma 

in the Decade Photometer, osing 10 mm. absorption cells. 

The value obtained is D, in the equation giv en. 
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T HE suitability of human plasma for the serologic tests for syphilis has 
received only desultory attention. Serum has, in the past, been almost 
universally used for all forms of these tests, except for those based on con- 
glutination. With the introduction of large scale plasma banks, it became the 
practice, tvhen the accompanying pilot sample of serum was lost, to use a small 
portion of the plasma unit instead. While Laughlen mentions the suitability 
of plasma for his “agglutination” test 1 and others have employed oxalatcd 
and flnorided plasma when those only were available, 2 no extensive study of 
the validity of this departure has appeared. Certain objections to it, however, 
might be raised: (1) the anticomplementary activity of citrate* (evinced only 
when complement fixation is to be attempted), (2) the flocculation of antigen 
which increases with citrate concentration, 4 and (3) the turbidity of plasma 
which contrasts with the rclath'e clarity of its corresponding serum. Plasma 
is clarified with difficulty even when prolonged centrifugation is done, and 
flocculation may be obscured by the presence in the field of amorphous, stably 
suspended material. In addition to these practical objections to the nse of 
plasma for serodiagnostic tests, the presence of fibrinogen is an uncontrolled 
factor in the regulation of flocculation. The procedures have been adjusted 
so as to provide optimum conditions when serum is used. For the last reason 
many investigators have attempted the recaleification of plasma to remove the 
fibrinogen. Such recaleification, however, raises the calcium level of the serum 
sample to a concentration far above that obtained physiologically. The ma- 
terial must also be heated or alternately frozen and thawed to initiate the 
precipitation of fibrin. If the final concentration of calcium is less than five 
times the normal physiologic amount, fibrin formation is incomplete and takes 
the form of a gelatinization from which the subsequent separation of serum is 
difficult. 
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It was found that recalcified citrated plasma, made by adding a soluble 
calcium salt (calcium chloride) to plasma and alternately freezing and thaw- 
ing it after a preliminary incubation period of from twelve to twenty-four 
hours, could be used for serologic testing with what appeared to be consistent 
results on both positively and negatively reacting serums (Table I). The 
method, however, had other objections in addition to its laboriousness. There 
was an extreme variability in the amount of calcium chloride solution required 
to effect fibrin formation. This observation was not a new one on our part; 
in the prothrombin time evaluation methods, it is customary to add various 
amounts of calcium salt through a range sufficient to give a final concentration 
of from 40 to 125 mg. per 100 c.c. In fact, the difficulty of causing clot forma- 
tion in well-clarified plasma by any concentration of calcium whatever in the 
absence of thromboplastie substances forms the basis of the conglutination 
tests. The concentration of soluble calcium salt necessary for the conversion 


Table I 

Comparative Serologic Results ox Serum and Recalclfied* Plasma 


CASE 

SAMPLE 

KD 

k KE 

B-J'L 

it 

KN 

KO 

O. L. 

St 




Pos. 

Pos. 



RCCP 

j 

4 

4 

4 

3 4 4 

AC 

J. P. 

s 




Pos. 

Pos. 



RCCP 

4 

4 

4 

4 

0 3 3 

4 

M.R. 

s 




Pos. 

Pos. 



RCCP 

4 

4 

4 

4 

4 4 4 

4 

C. V. 

s 




Pos. 

Pos. 



RCCP 

4 

4 

4 

4 

4 4 4 

4 

M. V. 

S 

- 

± 

- 

— 

0 0 0 

- 


RCCP 

- 

± 

- 

— 

0 0 0 

- 

H. B. J. 

S 

- 

- 

h 


0 0 0 

- 


RCCP 

- 

- 

- 


0 0 0 

- 

V. B. 

S 

± 

+ 

+ 


0 0 0 

- 


RCCP 

+ 

+ 

+ 


0 0 0 

- 

A. T. 

S 




Pos. 

Neg. 



RCCP 

1 

4 

2 

3 


2 

M.R. 

s 

1 

2,3 

1 

± 


AC 


RCCP 

3 

4 

2 

3 

4 4 4 

4 

A. B. 

S 




Pos. 

Neg. 



RCCP 

2 

4 

4 

4 

0 11 

AG 

H.P. . 

s 




Pos. 

Pos. 



RCCP 

4 

4 

4 

4 

4 4 4 

4 

T. P. B. 

s 




Pos. 

Pos. 



RCCP 

4 

4 

4 

4 

4 4 4 

3 


*CaCl- added 0.9 mg. per cubic centimeter of plasma which was then alternately frozen 
and thawed? The minimal concentration of CaCI; in buffered saline found to cause flocculation 
of the KD antigen was 0.15 per cent. 

fl. Materials subjected to serologic testing (samples) : 

S. Serum obtained from spontaneously clotted blood. 

SRCP, Serum obtained from recalcified (CaHPO.) citrated plasma. 

SRGP. Serum obtained from recaicifled glycerophosphated plasma. 

CP. Citrated plasma. 

GP. Glycerophosphated plasma. 

FP, Fluorided plasma. , , . ,, . ... 

RFP, Recaicifled fluorided plasma (no clot obtained). 

RSP, Recaicifled saccharined plasma (no clot obtained). , 

RCP, Recaicifled (with Cai(POi)j) citrated plasma (incomplete clotting). 

RCCP, CaCl; recaicifled plasma. 


2. Degree of positivity: 

a. Atypical positive reaction. 

sh, Slightly heavy negative (minimal flocculation), 
h. Heavy, negative. 

7’ 2 e 3 at 4 Ve degrees OI of positivity: 4, S, 16, unitage of complete positivity, 
p’os . neg.’, doubtful So reported by Independent testing laboratory. 

0, Negative. 

AC. anticomplementary. 

3 Type of test employed: 

km. Kahn (three-tube standard). 
M. Mazzini. 


KE, Kline exclusion 
KD, Kline diagnostic 


B_j -i_», Boerner-Jones-Lukens 


i\i , ju.az.xi ui. . 

KO, Kolmer complement fixation. 
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of all samples of plasma to serum may interfere with certain flocculation tests 
either by an artificial flocculation of the antigen (thus giving rise to false 
positive reactions) or by peptization and dispersion of the antigen-reagin fioc- 
cules (false negative reactions). 

For these reasons, attempts were made to develop a reoalcification proce- 
dure which would not involve an inordinate rise in the resulting serum calcium 
concentration. The accelerating effect of foreign particulate matter on coagu- 
lation was found to be especially pronounced when this matter was in the form 
of relatively insoluble calcium salts. A method was devised, therefore, which 
is based on the use of relatively insoluble calcium salts for the rapid recal- 
cification of plasma. 

The experimental study of the method was restricted to trial of those 
weakly soluble calcium salts, the anions of which were present physiologically. 
Secondary calcium phosphate (dicalcinm phosphate), hydrated calcium sulfate 
(gypsum), calcium carbonate (chalk), tertiary calcium phosphate, and calcium 
magnesium inositol hexa-phospliate (phytin), when added to citrated plasma 
in excess of their solubility, caused fibrin formation. The salts are listed in 
the order of their activity. Adult beef bone meal did not induce coagulation. 

Only the first and third salts induced sufficiently rapid coagulation for 
the purpose at hand. Calcium carbonate is somewhat more satisfactory for 
the conversion of oxalatcd plasma to serum, but the occasion for this con- 
version seldom arises, For conversion of citrated plasmn, secondary calcium 
phosphate is the calcifier of choice. The efficacy of a particularly weak cal- 
cium salt in producing coagulation of citrated plasma is not in proportion to 
its solubility. Thus, gypsum and chalk are much more soluble than secondary 
calcium phosphate, yet the last is the most efficient calcifier we have been 
able to find. The dissolved calcium fraction from any of the salts used does 
not approach that concentration found necessary when coagulation is initiated 
by the addition of calcium chloride. These facts are in keeping with the 
theories of Ferguson, 5 who was inclined to discount any intrinsic role of the 
calcium ion in the coagulation process. 

Among all the calcium salts studied in this connection, dicalcium phos- 
phate is unique in that its use is frequently followed by complete clot retrac- 
tion in a time sequence and manner which appears to parallel that of the 
normal process. 

We have investigated the validity of the ordinary serologic tests for 
syphilis when the latter are conducted on such artificially produced serum and 
its antecedent plasma. The study indicates that this expedient may actually 
be a more desirable routine than the now practiced one of performing serologic 
tests on unmodified serum, for when citrated blood is collected for these tests, 
there are certain advantages. Among these may be cited the greater resistance 
to hemolysis of citrated blood specimens, the ease of separating the cells with- 
out centrifugation soon after collection, the elimination of many doubtful 
reactions, and the greater retention of reagin titer on storage of citrated plasma. 

EXPERIMENTAL 

1. Collection of Samples for Serologic Study . — The smaller samples of blood 
were obtained by venipuncture with a 20 c.c. glass syringe and 20 caliber needle. 
The blood was withdrawn rapidly and 10 c.c. were immediately transferred to a 
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test tube containing 1 c.c. of 2.5 per cent sodium citrate. (In certain cases, 3.8 
per cent citrate was used.) The second 10 c.c. portion of blood was similarly 
emptied into another tube containing 1 c.c. of 0.9 per cent sodium chloride. 
Thus, the citrated plasma and serum samples were of equal dilution with regard 
to the reagin and initial calcium concentrations. Larger plasma samples of 
approximately the same citrate concentration (500 c.c. of blood plus 50 c.c. of 
2.5 per cent sodium citrate) were obtained.* This plasma was discarded from 
blood banks either because of seropositivity (whether connoting syphilis or not) 
or because of hemolysis or lipemia. Occasional samples of glyeerophosphated, 
fluorided, and saccharinized plasma were also collected. 

2. Recalcificatxon With C all P 0±2H„0 .- — Either citrated or glyeeroplios- 
phated whole blood or plasma was converted to serum by adding 0.2 6m. of 
secondary calcium phosphate to each 10 c.c. of the liquid. The process appeared 
to take no longer than does physiologic coagulation. Where plasma was the 
material used, the sequence of this induced coagulation was followed. It could 
be divided into four or more less distinct phases : 

First phase. The secondary calcium phosphate particles were suspended 
discretely on agitation or inversion. 

Second phase. After from seven to twelve minutes, the powdered secondary 
calcium phosphate had been aggregated into a button which, when broken up by 
vigorous agitation, showed many eoalescent coarse particles. 

Third phase. In about ten to twenty minutes after the addition of the 
secondary calcium phosphate, filar fibrin strands made their appearance in the 
body of the liquid. Following this, preliminary appearance of the filar fibrin, 
the liquid became viscous and gelatinized throughout. 

Fourth phase. The jell retracted from the sides and bottom of the test tube, 
either completely in the case of fresh plasma or partially in the case of old 
plasma. In old plasma, there had already been considerable precipitation of 
filar fibrin without the addition of calcium, and the relative absence of clot 
retraction in aged plasma indicates that the filar form of fibrin is probably that 
concerned with retraction. But even in month-old plasma there was usually 
sufficient retraction after recalcification so that the clot floated in the mother 
liquid. The fourth phase of coagulation of recalcified plasma was absent if some 
other calcium salt was substituted for the secondary phosphate. 

3. Transportation of Specimens.— Samples for serologic testing were most 
frequently collected at a place remote from the laboratory where the serologic 
testing was done. A large proportion of these samples were sent through the 
mail or in some other manner so that there was considerable delay before the 
tests were done. The receipt of specimens unsuitable for serologic testing by 
laboratories located in the same city where the specimen had been collected was 
so frequent an occurrence as to constitute a definite economic waste. Specimens 
became unsuitable during the period which elapsed after the collection because 
of (A) hemolysis, which prevented reading of flocculation or complement xa 
tion; (B) bacterial contamination, which induced anticomplementary reac ions 
and, through turbidity, obscured the reading of flocculation; and (C) oss o 
reagin titer. This had been indicated for the pseudoseropositivity following 
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vaccinia,' and we have observed it in a number of instances in syphilitic sero- 
positive samples, in the latter instance accompanied by the formation of a pre- 
cipitate (autoflocculation). 

A. Hemolysis; 'Where a lone delay between collection and testing was an- 
ticipated, the effect of hemolysis was usually circumvented by removing the 
scrum from the clot and forwarding the former to the testing laboratory. If a 
centrifuge was not available, we waited for several hours until retraction had 
occurred. Even then, due to the irregularity of the clot, serum recovery was low. 
Good plasma recovery, however, was possible within fifteen minutes of collection 
and citratization ns in the procedure just described. Sedimentation of erythro- 
cytes from .25 per cent citraled plasma was rapid without the necessity of any 
centrifugation, and the supernatant plasma was transferred to another tube by 
means of a medicine dropper. However, such a separation was not necessary, 
for it has been observed that in citraled blood overt hemolysis does not occur for 
days after collection and, when it does appear, is not nearly so marked as in a 
corresponding sample of whole clotted blood. When comparative samples were 
shipped together from the Midwest to the East, the clotted blood not infre- 
quently was grossly - hemolyzed; the citraled blood rarely showed any hemolysis 
whatsoever. 

B. Bacterial contamination: Bacterial contamination was limited by the 
addition of a small amount of mertliiolate, sulfonamide, or succinimidc, none of 
which appeared to interfere with the conduct of the serologic tests. Aside from 
a few experiments on fluorided specimens (later abandoned because of the im- 
possibility of securing good clots on recalcification), nothing was done on the 
problem of spoilage through bacterial action. It was noticed, however, that 
where comparative samples of citrated plasma and scrum were mailed simul- 
taneously, the bacterial spoilage apparent on arrival at the point of testing was 
much less in the case of plasma than in that of serum, even though no special 
precautions were taken to protect either type of sample. 

C. Loss of Rcagin Titer: In time the nature of the loss of titer of seroposi- 
tive samples will be the subject of a report. The loss of titer was not evidenced, 
at least to the same degree, in citrated plasma as in scrum. It is believed that 
the loss of titer of seropositive serum begins at the moment of coagulation and 
is due to an “auto-antigen” action, whereby the reagin is flocculated from solu- 
tion prior to the conduct of the test. This autoflocculation apparently does not 
occur in specimens in which coagulation has not taken place, nor, for some reason 
not clearly understood, does it occur in the specimens recalcified as described. 
Whatever the theoretic connotations of the last, its practical importance lies in 
the fact that recalcified citrated specimens are greatly superior in this respect 
also to serum specimens, because the former, at least in the case of true syphilitic 
reactions, seem to have a higher titer. 

SEROLOGIC TESTING OF SPECIMENS 

The results of serologic testing of serum, citrated plasma, and recalcified 
specimens reported in this paper are derived from two sources : 

1. In the case of plasma from whole blood units, the report on the accom- 
panying pilot specimen of serum was obtained from the processing center; this 
report was given as “positive” or “negative” without quantitative connotation - ' 
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01 intei mediate degree. It was learned that the positive designation implied, 
on t!ie basis of the three-tube Kahn technique, any reaction exceeding the arbi- 
trary 2 plus; anything less was termed negative. Where a dubious or doubtful 
Kahn reaction had been encountered, the results of the Mazzini test (which had 
been run as a preliminary presumptive test to screen out those units to be sub- 
jected to further study) were available in terms of degree of positivity. The 
Mazzini test used as a screen procedure by the processing center was apparently 
more sensitive than the Mazzini employed in the battery, later described, for a 
3 plus report in the former instance usually corresponded to between a 1 pins 
and 2 plus for the latter. 


Table II 

Comparative Serologic Results on Serum Obtained From Spontaneously Clotted Blood 
and From Plasma Treated With Calcium Phosphate 


CASE 

SAMPLE 

KT) 

ICE 

B-J-L 

M ' 

KN 

KQ 

CA* 

D.D. 

St 


sh 

_ 




8.5 


SRCP 


- 

- 

- 


- 

7,7 

J. H. 

SR CP 

- 

- 

- 

- 


- 

9.1 

A. P. 

SCRP 

- 

sh 

- 

- 


- 


G.P. 

SCRP 

- 

sh 

- 

- 


- 

9.8 

M. R. 

SCRP 

_ 

sh 




_ 

9.0 


s 

- 

— 

- 

- 


- 

7.9 

B.H. 

SCRP 

- 

sh 

- 

- 


~ 


T>. R. 

SCRP 

i 

2 

i 

_ 



10.3 


s 

i 

2 

i 

- 


- 

S.4 

R. ir. 

SCRP 

sh 

+ 

+ 

sh 


- 

9.9 


S 

sh 

+ 

sh 

- 


- 


D. C. 

SCRP 

sli 

± 

± 

sh 


- 



S 

sh 


± 

sh 


- 


R. L. 

SCRP 

V- 

— 


- 


- 

9.2 

At. T. 

SCRP 

ss 

128 

32 

64 

4 4 2 

4 

10.8 


S 

32 


32 

64 

4 3 1 

4 

10.4 

G.P. 

SCRP 

16 

64 

16 

32 

0 0 3 

4 



s 

1 

4 

4 

8 




h, v. n. 

SCRP 

8 

32 

8 

52 

1 2 ± 

4 



s 

8 


4 

32 

0 2 I 

4 



RCCP 

16 

64 

32 

32 

4 4 4 

4 


L. W. 

s 

4 

4 

3 

4 


0 



SCRP 

1 

3 

2 

4 


0 


B. Bo. 

S 


- 

- 

- 


- 

5.1 (?) 


GP 

± 

1 

+ 

1 





SRCP 

± 

1 

4* 

1 


- 

9.4 

Ath. 

S 

4 

A 

4 

4 

4 4 4 

4 



FP 

4 

4 

4 

4 

4 4 3 

4 



RFP 

A 

4 

4 

4 

0 4 3 

4 


R, Ga. 

S 

_ 

h 

- 

- 

0 0 0 

~ 



FP 


h 

- 

- 

0 0 0 




RFP 

h 

± 

- 

- 

0 0 0 

~ 


R. Co. 

S 

_ 

4 

la 

4 

4 4 4 

4 



SRCP 



2,3a 

la 

4 

4 4 4 

4 



RFP 

4 

+ 

da 

4a 

4 4 4 

4 



RSP 

2, 3a 

1,3a 

I, 4a 

4 

4 4 2 

2 


44R 

SRCP 

1,2 

4 

1,2 

3 

3 4 4 




S 

1 

4 

1.2 

4 

4 4 4 





tihnlnfo,! nr.' rnmn.-ir.-itivc seroloiric results obtained trom tne serums oi spunm.iu 

msly 

Che latter showed no significant serologic titer alteration from those exmouct > oi h 

should be construed to have order of magnitude significance o > . 
fSee footnote to Table I for key. 
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2. The serologic testing, other than that of the pilot serum specimens accom- 
panying- the blood units, was done at the Army Medical School, Division of 
horology, where all specimens wore subjected to a battery of tests made up of 
the Klme diagnostic and exclusion tests, the Mazzini, the Boerner-Jones-Dukens, 
and Iy; aim flocculation tests, mid the Kolnior complement fixation test. Those 
specimens which were 4 plus on any of these tests were subjected to a quantita- 
ue procedure performed by successive dilutions of the xeuun or plasma; the 
determined reagin titer was expressed in units Every attempt was made to 
secure approximate quantitative gradations in those specimens which showed 
jess than a 4 plus degree of positivity In this manner, good appraisal of sero- 
logic titer differences between plasma, serum, and rcealcified plasma was ob- 
tained. These differences are shown in Table II and apparently do not offset 
the validity of the tests as performed on plasma or reralcified plasma. 


RESULTS 

In comparative serologic terms, results of tests performed on scrum, citratcd 
plasma, and recalcified citratcd plasma, whether the latter was prepared by the 
^*°n°f calcium chloride (Table I) or secondary calcium phosphate (Tabic 
I), indicate that from a practical standpoint all of these materials arc suitable 
or serologic testing. In the few instances of undoubtedly false biologic reac- 
tions, these likewise were apparent in the citratcd plasma and rcealcified plasma, 
t lough it is noteworthy that their titer was not increased by calcification, as 
appeared to be the case in the true syphilitic specimens. The numbers of such 
instances are as vet too few to permit any general conclusions to be drawn of the 
significance of this finding or to justify its use as the basis of a verification 
procedure. 

Determinations of calcium concentration made on rcealcified citratcd plasma 
showed that clotting may be induced without an inordinate rise in calcium 
content. 

CONCLUSIONS 

The collection of citratcd blood samples for serologic testing for syphilis 
ofters distinct advantages since citratcd blood has better keeping qualities than 
"’hole clotted blood. 

A procedure for the conversion of citratcd whole blood or plasma to serum 
ased on the specific clot-inducing properties of secondary calcium phosphate 
is described. 

Serologic tests for syphilis conducted on citratcd plasma or recalcified 
mtrated plasma have the same validity as those done on serum. 
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THE APPLICATION OP A PROCESSED GLUE AS A SUBSTITUTE FOR 
GLASS COVERSLIPS IN HISTOLOGIC TECHNIQUE* 


Madureira Para, M.D. 
Rio de Janeiro, Brazil 


I N THE past several unsuccessful attempts have been made to discover an 
economical substitute for the glass eoverslips used in mounting histologic 
specimens. Edinger, 1 in 1913, proposed the use of a glycerinated gelatin which, 
after application, was hardened with formol. This method, however, could 
not be employed in the presence of water-soluble aniline dyes, since the water 
used to dissolve the gelatin likewise dissolved the dyes. Lentze, 2 in 1930, and 
Bucholtz, 3 in 1940, proposed the use of cellophane for -covering specimens 
mounted in balsam. However, they both recognized that the method was im- 
practical because of various technical difficulties. Sunt zeff and Smith, 4 in 1940, 
suggested the use of a special transparent plastic, a cellulose acetate called 
Plastacele, which is not affected by water or by fat solvents. Although the 
instructions for using this substitute were carefully followed, we observed, 
as was previously noted by others, that a considerable number of specimens 
were unsatisfactory for microscopic examination because of wrinkles at the 
edges and undulations in the center of the preparations. Likewise, in the 
course of time the specimens frequently became separated from the mountings 
and often became discolored after four or five months. 

As a result of wartime conditions, glass eoverslips have become scarce and 
expensive. Since Plastacele was found to be unsatisfactory, other materials 
were investigated, and one satisfactory substitute has been found. It consists 
of carpenter’s glue subjected to a clearing and hardening process. The prep- 
aration and physical properties of the substance, which we have called “micro- 
mounting glue, ' ’ as well as the method devised for its use, are described here. 


preparation of micromounting glue 


Material. — (a) Commercial carpenter’s glue, (b) potassium acetate (pure 
crystals), (c) egg white, (d) M/5 solution of potassium acid phosphate (pre- 
pared by dissolving 27.23 Gm. of K2LPO.; in 1,000 c.c. of double-distilled 
water). 

Procedure. — (a) Thirty grams of carpenter’s glue are broken into small 
fragments and placed in a 500 c.c. beaker together with a fresh solution of 
4 Gm. of potassium acetate in 100 c.c. of distilled water. The beaker is then 
immersed in boiling water or in a glycerin bath at about 200° C. The lattei 
method is the more rapid. It is allowed to remain until the glue is thoroughly 
dissolved. 


of 
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(b) The beaker is removed from the bath and the white of one eg/? is 
added. It is reimmersed for about five minutes and the mixture is stirred 
with a glass rod until the egg white is completely coagulated. 

(c) The mixture is then filtered through three layers of gauze. 

(d) A second filtration is made using coarse filter paper * 

(e) Steps b, c, and d are repeated. 

(f) The solution is allowed to cool and the glue is then neutralized with 
the M/5 KH 2 P0 4 solution, using phenol red as an indicator. 

(g) The glue is then placed in a wide-mouthed container of neutral glass 
(a heaker, for example) and kept in an incubator overnight at a temperature 
of 58° C., which will reduce the volume to about one-half. 

(h) The heavy yellowish white sediment which forms on standing over- 
night in the incubator should he removed by filtering through gauze or thin 
cloth. 

(i) The glue is ready for use after filtering. 


PHYSICAL PROPERTIES f 


The glue has a high viscosity. It is limpid and similar to pure Canada 
balsam in color. It will keep for a long time in a well-stoppered dark vial 
in a cool place. 

Micromounting glue has the following physical characteristics which are 
considered to be of importance in microscopic technique : 


Color of solution (in Lovibond tintometer, I-incli cell) 


Density at 25° G. 

, T . 30® 

viscosity Engler C. 


pH at 23® C. 

Refractive index of micromounting glue solution at 23° C. 

(Abbe Zeiss) 

Refractive index of dry micromounting glue at 23® C. (Abbe Zeiss) 
Mean transparency of dry micromounting glue on slide (using Pul- 
frich photometer and S57 filter ) 
flexibility (180° angle) 


Combination of yellow- 
20 and red 10.4 

1.0903 

5.0 

7.0 

1.3840 

1.4900 

88% t 

No modification 


Even after drying, the glue is easily soluble in water but is insoluble in 
alcohol, benzol, xylene, xylene-phenol, cedar oil, and other fat solvents. 


TECHNIQUE OF APPLICATION 

Apparatus for Dispensing Glue.— An apparatus has been devised for 
applying micro mount in" glue in liquid form to the sections which have 
previously been coated with Canada balsam and dried. Figs. 1 and 2 
illustrate the construction and use of this apparatus. It consists of a metal 
cylinder (height, 8.5 cm.; internal diameter, 4.0 cm.) mounted on a base plate, 
at the upper end of which a glass container is inserted. This container serves 
<1S a reservoir for the glue. It has a hole in the center through which a metal 
shaft passes. This shaft has a square enp at the top (capacity, 1.6 c.c.; size, 


'Arthur H. Thomas Co., No. 51601. 

.. tThe physical constants and properties of the micromountine clue have been determined 
S*5»«h the kindness of personnel of the National Institute of Technology and the Division 
ot Chemistry and Pharmacology of the Oswaldo Cruz Institute. 

fUnder similar conditions, Canada balsam, with Arthur H. Thomas Co No. 1 glass 
oversilp, gave a mean reading of = 90- 
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Fig. l. 


Fig. 
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-Working drawing of apparatus for applying micro mounting glue in liquid form to 

sections. 
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18 x 18 x 5 mm.) which may be lowered for filling by means of a handle at- 
tached to the bottom of the shaft. When m position for applying glue, the cup 
is raised to a Icve! slightly above (he edge of the container by means of a 
spring mounted on the shaft between the square cup and the bottom of the 
glass container. The shaft can be secured m the filling position by means of 
a clamp so that the apparatus may lie encored when not in use. All the metal 
parts are chromium plated to avoid rust. 

Use of Glue With Ilematofylin-Eosm Stain. — The following process has 
been standardized in our laboratory for mounting sections stained with hema- 
toxylin-costa or a similar staining method. 

1. Stained sections of paraffin-embedded tissue, affixed to slides, are de- 
hydrated and placed in xvlo! as usual. 

2. A slide is removed from the xylol and, after the latter has evaporated, 
one or two drops of a 50 per cent balsam-xylene mixture arc applied by means 
of a thin glass rad, care being taken that the section of tissue is completely 
covered. Thus, a thin film of uniform thickness, ruth a transparent surface, 
is formed over the tissue section. 

3. The slide is placed in an incubator m an exactly horizontal position with 
the section uppermost and allowed to remain for thirty minutes at a temperature 
of 56° G. 

4. Tlie liquid micromounting glue is then applied on top of the dry layer of 
balsam by means of the apparatus previously described. The movable cup is 
filled with glue and the slide, face downward, is brought obliquely in contact 
with the edge of the cup, turned down until it lies horizontally, and then re- 
moved and quickly inverted. The entire procedure should be one continuous 
and rapid movement. Care must be taken that the tissue section is well centered. 
It will be found that a uniform layer of glue, approximately 18 x 18 mm., has 
adhered to the slide. This may appear thicker than desirable, but subsequent 
drying reduces its volume to some extent, and also there is a slight spread. 

5. The slide, again in a perfectly horizontal position, is allowed to dry in 
the incubator, face upward, for twenty minutes at 56° C. 

6. The heat is then turned off, and fifteen minutes are allowed to pass with 
the incubator still closed. 

7. The incubator is opened and, after fifteen to twenty minutes have elapsed 
and the temperature lias fallen to 37 to 35° C., the slide may be taken out. The 
glue has now solidified, is thoroughly dry, and should be firmly adherent to the 
balsam and to the glass. The result is a smooth transparent film simulating a 
glass coverslip, with a thickness between 30 and 34 miera, and about 23 mm. 
square. 

Use of Glue With Frozen Sections Stained With Sudan III.— For frozen 
sections, when stained with Sudan Ilf or other similar dyes, the technique of 
mounting is as follows : 

1- Stain the frozen section in the usual manner. 

2. Remove the section from water and place it on a slide over which a thin 
layer of Meyer’s albumin lias been spread just previously. 

3. Dry with absorbent paper. 
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4. - Apply the micromounting glue in the manner described for use with 
paraffin sections but do not use Canada balsam. 

5. Dry at 56° C. as previously described. 

Preparations stained with Sudan III, mounted in this manner, are per- 
fectly clear for microscopic examination and can be kept indefinitely. 


GENERAL REMARKS 

At first glance the application of micromounting glue would seem to be 
limited by the same disadvantages mentioned by Edinger regarding his gelatin 
mount : namely, that it could not be used in connection with specimens stained 
by water-soluble aniline dyes. This difficulty has been overcome, however, by 
an initial application of Canada balsam. The film is allowed to dry completely 
before the glue is applied. The glue adheres uniformly to the dry film of 
balsam, and it is not possible, even with the microscope, to detect any space 
between the two or to detect the presence of air bubbles. 

For methods employing metallic impregnation, for liematoxjdin stains, or 
for double-staining technique using simple dyes such as hematoxylin-eosin, van 
Gieson, Ziehl, the mounting process is carried out in an incubator regulated at 
a temperature of 56° C. 

For complex staining methods or when thermolabile dyes such as Giemsa, 
Mann, Gram-Weigert, Masson’s triehromic are used, the technique is the same, 
with one exception. It is then necessary to carry out the drying of the balsam 
and the glue at a temperature of 37° C., sixty minutes for the former and two 
hours for the latter. The double mounting in balsam and glue can, if necessary, 
be carried out at room temperature; however, in this case the balsam will re- 
quire from one to two hours to dry completely, and the glue will require from 
two to three hours. 

The method previously described may be employed to carry out the prepara- 
tion, in series, of a considerable number of slides if special metal travs (for 
twenty-two slides each) are used for drying. With exception of the trays, the 
rest of the process for mounting a large number of slides is exactly similar to 
that described for mounting one slide. 

Slides prepared by the process described have been filed in direct contact 
with one another within twenty or thirty days after mounting and have shown 
no alteration after more than one year. 

Although, up to the present, only sections from small blocks of paraffin- 
embedded tissue have been mounted by this method, there seems to be no obvious 
reason why larger specimens should not be handled in a similar manner, regard- 
less of the method of staining. 

Tissue sections which have been mounted in the manner described can be 
examined with any degree of lens magnification, including t he oil immersion lens. 

This new method of mounting has also proved applicable to films for micro- 
biologic or hematologic studies. 


SUMMARY 

A description is given of a process by which commercial carpenter's glue, 
larified and hardened, may be used as a substitute for glass covershps m h.sto- 
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logic technique. This glue is applied over a layer of Canada balsam, except for 
some special stains of frozen sections, which arc mounted directly. 

This substance has been termed “micromounting glue.” 

This method of mounting has its principal application in tissue sections, but 
it can also be used to preserve stained microbiologic smears. 

Sections mounted in this manner have shown no alteration after a year. 
The method may be employed for the mounting of preparations for permanent 
record. 
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A NOMOGRAM FOR ORGAN WEIGHTS OF CHILDREN 


Henry W. Edmonds, M.DA 
Seattle, Wash. 


HPIIE normal growth increment of organ weights in childhood is so appre- 
ciable that it would overshadow many variations due to disease if it were 
not specifically considered in the evaluation of weights observed at necropsy 
of a child. The figures for average weights of the major organs at various 
ages, supplied by Coppoletta and Wolbach,f provide standards to which ob- 
served weights can be compared. It has seemed desirable to mark directly 
upon the dial of the seales used at autopsy the organ weights considered nor- 
mal for a given age. A graphic presentation of standards upon the seales dial 
makes possible the direct comparison of the observed and the expected weights, 
saving time for the pathologist and affording a visual demonstration for the 
clinician attending the autopsy. Such an age-weight chart, devised for the post- 
mortem room of the Children’s Orthopedic Hospital, is to be presented here. 

The scales employed is an ordinary commercial platter-type, fan-dial, 
springless balance manufactured for use on a market counter but eminently 
suitable for the post-mortem room. The fan-shaped dial is calibrated in pounds 
and ounces, with a numerical nomogram giving dollar-and-cents values. A mov- 
ing bar indicator, passing radially over the dial, is marked so that from it the 
dollar-and-cents value of the commodity on the scales platter can he read at 
various price levels (45 cents a pound, for example) designated on the bar. 
Since one pound avoirdupois is the equivalent of 0.4536 kilogram metric, it is 
obvious that the dial furnished on the scales will give direct metric readings in 
the segment of the nomogram opposite the 45-cents-a-pound mark on the moving 
bar, if one neglects an error of 3.6 Gm. per kilogram. Actually this inaccuracy 
can be corrected by a slight adjustment of the scales machinery by a scales 
mechanic. 


The special nomogram of normal organ weights is illustrated in Fig. 1. It 
is designed to be pasted over the dollar-and-cents nomogram on the scales dial, 
as shown in Fig. 2. In the special chart a gap is left as a window, through 
which the original markings on the 45-cents-a-pound line can be rend. T IS 
section of the dial gives the actual metric weight of the organ being examine 
metric weight at forty-five deci-kilograms per pound. On the remainc ci o t ic 
special nomogram normal organ weights were plotted graphica y against >e 
various ages. The weights were entered on radii increasing fiom e t to 1 1 > 
while the ages were entered on concentric circulai segments mcieasm P 
top to bottom. The actual lines of the finished nomogram are smoothed curves 
based on the plotted points of the Coppoletta-Wolbac weigis. no rnrp 
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strip, also shown in Fig. 1, designed to be affixed over the indicator bar of the 
scales, carries numbers corresponding to the various ages of the range included, 
increasing in order from top to bottom 

When a brain, for example, is placed on the scales platter, the moving 
indicator bar moves automatically so that it lies adjacent to the value of the 
actual metric weight of the brain in the window segment of the nomogram and 
adjacent to the value of the average weight of a brain for the specific age con- 



Fig. 1 . — A nomogram giving average weights of the major organs in tlie age 1 singe f«<vn 
birth to 12 years. The fan chart is pasted on the dial of the stales, with the* metric weights 
<m deci-kllograms) indicated m the nartow cucuhii segment The strip bearing age values 
In vertical order {birth, l through 16 week**. C through 24 month*., and 3 through J- years) 
is pasted on the indicator bar of the scales 5, Spleen . U, heart; K. kidneys; Ln, lungs. 
Li, liver, Br, brain 



.. , Fig. 2 — The nomogram dial and indicator bar 
cnal. springless balance for a direct comparison of 
siaered average for the organs at the specific age. 


affixed to a commercial platter-type, fan- 
observed organ weights and weights con- 
as well as for weighing in grams. 
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sidered in the segment of the nomogram opposite the specific age as marked on. 
the bar. If the brain is of average weight for the age, then the bar margin will 
coincide with the line for brain weights (line Br on the nomogram). If the 
brain is above or below average weight, the bar margin will be found to the right 
or to the left of the Br line, respectively, in the zone corresponding to the 
age of the child examined. The proportional extent of overweight or under- 
weight is evident at a glance. 

Since the indicator bar moves when the scales platter is displaced (either 
by the weight of an organ or by pressure of a finger), the bar can readily be 
moved over so that the part of it marked for a particular age adjoins the line for 
a given organ. In this position the part of the indicator bar over the window 
segment will adjoin the corresponding metric weight, allowing a direct reading 
of the average weight of the selected organ at the selected age. 

It will be noted that the line on the nomogram representing brain (Br) is 
discontinuous. There is an apparent setback in weight of this organ between 
the ages of 12 and 14 months. This is an artefact explained as follows: The 
scales dial reads up to two pounds. Larger weights can be read if a tare weight 
is added to an auxiliary platter (other scales of somewhat different design ac- 
complish this by a tare weight sliding on a beam). For weighing a brain of a 
child older than 12 months (or any other organ weighing more than two pounds) 
a 500 Gm. tare weight is added to the auxiliary platter to bring the indicator 
bar back to the middle of the dial where the nomogram line for older (heavier) 
brains is placed. A similar maneuver is necessaiy in the case of the liver of a 
child older than 12 years ; note corresponding break in the liver line (Li on the 
nomogram) . 

The nomogram values for the paired organs, lungs and kidneys, are those 
for both right and left lungs (or kidneys) weighed together. 

The nomogram described has proved serviceable at the Children s Ortho- 
pedic Hospital. It has been presented in the hope that others may find it of 
similar help and that it may increase the usefulness of the Coppoletta-Wolbach 
average weight values. 
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A SIMPLE METHOD FOR ESTIMATIN'!! SERI'M ATABRINE 
CONCENTRATION 


Captain* Kookk A. Uk\vjs 
Medical Corps, Army or tub United Stvtks 


A METHOD lias been devised for the rapid estimation of serum atabrine 
** level employing the equipment available in an overseas general hospital. 
With this technique, over ten thousand determinations have been performed 
during the past year. The equipment and reagents when crated for air shipment 
weigh less than 200 pounds. A source of electricity and water is required. The 
chief reagents arc petroleum ether and chloral hydrate. The major items of 
equipment are a small centrifuge and a portable ultraviolet lamp. It has been 
possible to set up the equipment in a combat area in twenty-four hours and to 
operate in the heat and humidity of an island within a few degrees of the 
equator. 

The fluorescence of atabrine may be detected in very dilute solutions, par- 
ticularly in a solvent such as chloral hydrate. However, normal scrum contains 
other fluorescent substances which must be removed. The separation of atabrine 
from other substances Is based upon its solubility in acid aqueous solution and 
its relatively increased solubility in petroleum ether when the aqueous phase is 
rendered alkaline. When serum is shaken with petroleum ether, a gelatinous 
layer forms which may he broken up by adding a few drops of absolute ethyl 
alcohol. 

Unknown sera are compared with standard solutions of atabrine in water 
that have been similarly extracted. The comparison is made in ultraviolet light 
in a dark room. The light must be equipped with a Wood’s glass filter to pre- 
vent the transmission of visible light. Readings are easy to perform if the final 
solutions are compared in a wooden rack with an oblique base that has been 
painted black. 

PROCEDURE 

Fifteen cubic centimeters of blood are withdrawn from the fasting patient 
and placed in a 15 c.c. centrifuge tube. After the blood has clotted, it is ringed 
with a glass rod and centrifuged for fifteen minutes. The serum is decanted 
into a Wasserman tube and recentrifuged for five minutes. It is then placed 
in a 15 c.c. centrifuge tube that has been calibrated at 5 and 11 c.c. so that any 
excess serum may be pipetted off. 

In similar tubes, .1, .2, .3, .5, 1.0, and 2.0 c.c. of a .05 mg. per 100 c.c. solution 
of atabrine arc placed to correspond to a final dilution of .001, .002, .003, .005, 

Received for publication. Sept. 28, 1944. 
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.010, and .020 mg', per 100 e.e. The .05 mg. per 100 e.e. solution is made up fresh 
each day by a. fiily-iold dilnlion of the stock standard. The latter is made up 
from atabrine dihydrochloride to a concentration of 2.5 mg. per 100 e.e. and 
kept in a dark bottle in a cool place. It should lie noted that the primary stand- 
ard is atabrine dihydrochloride rather than the free base. 

To the unknown and standard solutions 1 e.e. of 1 normal sodium hydrox- 
ide and 5 c.c. of petroleum ether are added. The latter should he redistilled, 
the fraction boiling below 50 or over 70° C. being rejected. The tubes are 
corked with specially prepared rubber stoppers and shaken five times, first, 
gently, then vigorously. The alkali and petroleum ether are added to six tubes 
which are then shaken and centrifuged for five minutes while the next six tubes 

Table I 
Results 


8 / 9 
8/ El 
8/17 
8/17 
8/25 
8/31 
9/ 4 
9/ 7 

9/ 7 

9/ 7 
9/ 8 
9/ 9 
9/ 9 
9/10 
9/10 
9/11 
9/12 
9/13 
9/11 
9/15 
9/1 G 
9/18 
9/19 
9/20 
9/21 
9/22 
9/23 
9/21 
9/25 
9/20 
9/27 
9/2S 
9/29 
9/30 
10/ 1 
10/ 2 
10/ 4 
10/ 4 
10/ 0 
10/ 7 
10/ S 
10/ 8 
10/ 9 
10/10 
10/11 

Total number 


Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Serum 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Serum 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Blood 

Plasma 

Blood 

Plasma 

Plasma 

Plasma 

"45 


THEORETICAL RECOVERY 

(MG. PER 100 C.O.) (MG. 1'ER. 100 C.C.) 


.025 .027 

.000 .000 

.020 .020 

.004 .004 

.030 .035 

.010 .011 

.003 .003 

.003 .003 

.004 .004 

. 0.15 .015 

.030 .027 ' 

.012 .009 

.018 .015 

.010 .012 

.005 .004 

.005 .004 

.003 .003 

.017 .03 S 

.002 -002 

.009 -009 

.010 .015 

.007 -007 

.004 -000 

.015 .017 

.012 -012 

.020 -020 

.008 - 0 OS 

. 01 S -018 

.004 -004 

.003 -002 

.037 -020 

.030 -030 

032 .032 

.020 

.005 .° 05 

.010 -009 

.010 -033 

.020 -030 

.030 - 03i ’ 

020 -020 

•020 -023 

.020 - 0-0 

.030 -009 

.020 - 0I ° 

.010 - 008 


% ERROR 


.027 

S 

.000 

0 

.020 

0 

.004 

0 

.035 

17 

.011 

30 

.003 

0 

.003 

0 

.004 

0 

.015 

0 

.027 

-30 

.009 

-25 

.013 

-17 

.012 

20 

.004 

20 

.004 

20 

.003 

0 

, .038 

6 

.002 

0 

.009 

0 

.015 

• -G 

.007 

0 

.000 

50 

.017 

32 

.012 

0 

.020 

0 

.nos 

0 

.018 

0 

.004 

0 

.002 

50 

.020 

18 

.030 

0 

.032 

0 

.020 

0 

.005 

0 

.009 

-10 

.on 

30 

.039 

- 5 

.035 

37 

.020 

0 

.021 

*> 

0 

.020 

.009 

-30 

.018 

-10 

.009 

•orage error 

-30 

8 % 
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arc bein'? prepared and shaken. A few drops of absolute ethyl alcohol are added 
to the layer which forms, and the tubes are again centrifuged for five minutes. 
It is helpful to agitate the gelatinous layer with a glass rod after adding the 
alcohol. 

White stoppers* were used to cork t hi* serum petroleum other mixture. 
It is necessary to soak them for fifteen minutes, in petroleum ether and to boil 
them for fifteen minutes in a very dilute alkali several times To reduce further 
chances of contamination from traces of wax pencil, the tubes were numbered 
and graduated with a diamond pencil. 

A 4 c.c. aliquot from each of the petroleum ether extracts is placed in a 
clean dry centrifuge calibrated at 4 c c. for that purpose. Then 1 c.c. of a 
saturated aqueous solution of chloral hydrate is added to each tube. Each tube 
is corked with a rubber stopper that has been wiped with chloral hydrate and 
shaken briskly for one minute. One cork is sufficient for all the tubes if if is 
wiped carefully. The tubes are then centrifuged for five minutes and the pe- 
troleum ether suctioned off. The tubes are again centrifuged for five minutes 
to clear the extract which is then ready for reading 

In comparing the unknown extracts with the extracts of the standard solu- 
tions, it is advisable to stand directly behind the ultraviolet light. The latter 
should be switched on five minutes prior to use A violet fluorescence indicates 
the presence of quinine. A blue-grav fluorescence shows that there has been 
contamination. If neither of these is present it is comparatively easy to match 
the green fluorescence of atabrine against the standard extracts although they 
both contain a slight gray fluorescence due to dissolved gases. Occasional values 
may be interpolated, although for clinical purposes readings under .001 mg. per 
100 c.c. are referred to as a trace. 

When the standards are made up with distilled water it is advisable to run 
control solutions made up in serum. These control studies form the bases of 
Table I. 

DISCUSSION 

This method, though relatively simple, requires considerable care. Inas- 
much as the cellular constituents of blood have a high atabrine content, it is 
essential that the serum or plasma be entirely free of these elements. Agitation 
of the serum and petroleum ether must be very thorough. Efficient extraction 
is marked by a transient blue color which develops when the petroleum ether 
and chloral hydrate are shaken. This will not occur if the chloral hydrate is 
not saturated. The cleanliness of the glassware and rubber stoppers is very 
important. The latter may be cleaned in petroleum ether and allowed to stand 
in dilute alkali. Chloral hydrate, sodium hydroxide, and alcohol do not usually 
require any purification. The petroleum ether and the water must be redistilled. 
When massive treatment is given, higher standards are needed, and when sup- 
pressive levels arc measured, lower standards afford an advantage. The 
preparation of serum or plasma is as time consuming ns the actual extrac- 
tion. The final reading takes about fifteen minutes. Two persons can perform 
fifty determinations daily, collecting the specimens and cleaning the glassware. 

•Obtained from Sharp & Dohme plasma sets. 
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.010, and .020 mg. per 100 e.e. Tlie .05 mg. per 100 
each day by a fifty-fold dilution of the stock stair 
from atabrinc dihvdrochloridc to a concentration 
kept in a dark bottle in a cool place. It should be- 
ard is atabrine dihydrochloride rather than the fi 
To the unknown and standard solutions 1 c.i 
ide and 5 e.e. of petroleum ether are added. Tj 
the fraction boiling below 50 or over 70° C. b 
corked with specially prepared rubber stopper 
gently, then vigorously. The alkali and pctroler 
which are then shaken and centrifuged for five i. 

Table I 


Results 


DATE 

MEDIUM 

THEORETICAL ‘ 
(MG. PER 100 C.t 

s/ a 

Plasma 

.025 

s/ a 

Plasma 

.000 

S/17 

Plasma 

.020 

S/17 

Plasma 

.004 

8/25 

Plasma 

.030 

8/31 

Serum 

.040 

9/ 4 

Plasma 

.003 

9/ 7 

Plasma 

.003 

9/ 7 

Plasma 

.004 

9/ 7 

Plasma 

.015 

9/ 8 

Plasma 

.030 

9/ 9 

Plasma 

.012 

9/ 9 

Plasma 

.018 . 

9/10 

Serum 

.010 

9/10 

Plasma 

.005 

9/11 

Plasma 

.005 

9/12 

Plasma 

.003 

9/13 

Plasma 

.017 

9/14 

Plasma 

.002 

9/15 

Plasma 

.009 

9/10 

Plasma 

.010 

9/1S 

Plasma 

.007 

9/19 

Plasma 

.004 

9/20 

Plasma 

.015 

9/21 

Plasma 

.012 

9/22 

Plasma 

.020 

9/23 

Plasma 

.00S 

9/24 

Plasma 

.03 S 

9/25 

Plasma 

.004 

9/20 

Plasma 

.003 

9/27 

Plasma 

.017 

9/2S 

Plasma 

.030 

9/29 

Plasma 

.012 

9/30 

Plasma 

.020 

10/ 1 

Plasma 

.000 

10/ 2 

Plasma 

.010 

10/ 4 

Plasma 

.010 

10/ 4 

Plasma 

.020 

10/ 0 

Plasma 

.030 

10/ 7 

Blood 

.020 ■ 

10/ S 

Plasma 

.020 

10/ S 

Blood 

.020 

10/ 9 

Plasma 

.010 

10/10 

Plasma 

.020 

10/11 

Plasma 

.010 

Total number 

45 




INDEX TO VOLUME 29 


AUTHORS INDEX 


In the index following the author’s name, 
in the Journal. 


thr title of the 


subject is given as it appeared 


A 

Alraniisu. Anthony - A. Detei minutlon of am- 
monia in tlie urine. 147 

Alford, \v. C., and Palm es, E. D. A micro- 
mincer to facilitate preparation of tis- 
sue extracts, 1101 

Allen, Chester, j«. (See Higdon and 
Allen), 2$ 

Albert, Harnett B. (See Fcindlatt, Alith r. 
AND FERGUSON), 366 

Anderson, Arthur K. (See Denko and An- 
, DERSON). 11C8 

Annecnrs. J. H., SNAP!*, F. !•; , 1\ V, A. C . 
and Atkinson, a. .7. The effect of 
bile acids on the biliary exeietlon ot 
neonrsphemumne and mnplmisen, 833 

Atkinson, a. J. (See Annfgkrs, Snapp, ivt, 
and Atkinson), 853 

avrrill, Karl. (Sec Toomey, Lewis. A\ br- 
ill, Drury - , and TAKacs, 21 


Kader, Madero N. (See UriiNEiiL, Bader, 
and Bartlett), 578 

haklr, Julia. A note on a possible alleigic 
r,, factor In altitude sickness, 831 
harnard, Horert D. Suitability ot temni 
fiom recalclfled human plasma foi 
Nome scrodlagnostic tests for sj philis, 
1287 

— . Tlie effect of the distal application of n 
sphygmomanometer cult on localized 
venous pressutc and ns an aid In \enl- 
. Puncture, 539 

hartlett, Luis H. (Sec DerNehl, Bader, 
n and Bartlett), 978 

hauer, Walter. (See WAINK, Bauer, and 
r,.. Bennett), 19 

hlckman, Harry, and Smith. Jane. The 
apparent advantage of frequently ad- 
ministered quinine in avian nialaua 
. Infections, 43 

HEiTER, John j. (Sec Boiirod and Beiter), 

„ 951 

UfcxiANs, T. II. C. A vasospastic factor m 
the serum of a case of Raynaud’s 
disease with cold agglutination. Ex- 
n Penments on rabbits. 1074 

... - waine, Bauer, 

-jOUOHLIN, BeN- 
568 

Flanagan, and 


Blankstcin, Sami ei. S (Sec Enzer, Si- 
monson, AND BLANKSTEIN), 63 
Bloom. Nathan, and Walker, Harry'. Nodal 
ih) thm and bundle branch block fol- 
hmniR aspirin h> persensitivity, 593 
IK 1 mdfi:i„ Bernard I* (See Hart and 
B lUMUFRC), 749 

Bock. Joseph <’ Laboiatoiv supports. 536 
Bohan, John L, and Lusk, Frank B. The 
diiLm>si« and tieatmont of epidemic 
01 ithio-pinal meningitis, 585 
Boulton Jill TON (J, AND BEITER. JOHN J. 

Photoginphy in color of fixed patho- 

Jogie specimens, 994 

Bojah. s. ( See Shapiro. Tarlov, Oliver, 
GOLDFARB. Bo JAR. JvASLOW. AND KoCK- 
1NMACHER). 282 

Boy'd. Charles D (See Horn, J. Morris). 
228 

Hkiix.e, Ezra Thurston, Arely'N, and Re- 
ru’Ci. Anthony- Cold agglutinins in 
tubci culnsts. 93 6 

IlRODV, L) A . and OriOLEY, J. P. Applica- 
tion of the "inductogiaph" to tlie reg- 
isfjation of moYcinents. pin ticiilnily of 
body struc.uros such as the pyloric 
sphinttei. 863 

IJ RON FEN RHE N N Elt, J J. (See KALWANSON 
AND Bronfenbrenner), 684 
Bronstein, Lrwis H (See Potter and BroN- 
stein), 703 

Brown, Robert V.. O'Brien, EL win J., and 
Rook, Charles W. A simple elec- 
tion tube chop recorder, 110 
Brown, royal L. On the care of human 
sperm, 211 

Brown. Willis E., Wilder, Violet M.. and 
Schwartz, Pauline. A study of oils 
used foi inMamusculur Injections, 259 
Bitocr. Martin. Microscopic obsei\atlon of 
collodion paiticlc agglutination in pro- 
tcin-antiprotein systems, 352 


Caldwell. M. J- (Sec Parrish and Cald- 
well). 992 

Callomon, Fritz T. The pathologic changes 
produced by prolonged administration 
’fcimeth> Idia- 
tlic kidneys 
with sulfa- 
574 

■ , device with 

■ 'or reading 


Jordan. Arthur 

jjiuufiai am dial hemorrhage 

(Waterhouse-Friderichsen syndiome) 
associated with meningococcal scpti- 
__ eemia, 357 

and Puipuric lesions in meningococcic 
t>.,„ . infections. 273 

L. 11 .R 11 AU.M, olga S. (Src hcmpelmann. Rein- 
hard, Moore, Bierbaum, and Moore). 
■n. - 1020 

uierman, william, Siiwartzman, Gregory. 

“ ’ The effect 

ugs upon 
Stiepto- 


Billow, 

Elair, 


Bennett \V. Uaruituiaie intoxica- 
tion and picrotoxin treatment. 265 
Dorothy. (Sec Van Loon and - 
Clark), 942 


■ lesion*., 82 
■ . ■ 1 diabetes in 

Caste, fuTuL^The role of creatine in cell 
growth in \itro and its use in wound 
healing, 483 

Casper. (I C. An improved restraining de- 
vice for hematological work with rats 
and mice. 981 

Chapman. Georoe H. Maintenance of mois- 
tuic in bacterloiogic culture media. 

. The incidence of plasma-coagulating 

staphylococci in the feces of chronic 
invalids, 938 

C> 1 apple. Eliot D.. and Vaughan, Warren 
T.. JR. A clinical method for study- 
ing the factor of human relations in 
disease, 1 


1309 



1310 


AUTHORS INDEX 


Chase, Aukin M„ Lorenz, Philip B., Par- 
part, Arthur K-, and Gregg, John r. 
A method for simultaneous determina- 
tion of metliemoglobin-oxyhemoglobin 
ratio and per cent hemolysis in stored 
blood, 99 

Chase, H, F. (See Lehman and Chase), 561 
Christensen, W. Blake. A medium for de- 
termination of citrate utilization bv 
colon bacteria, 306 

Clark, Byron b. (See Van Loon and 
Clark), 942 

Clarke, Carl Dame. Facial and body pros- 
thesis in relation to war wounds. 667 
— . (See Converse, Clarke, and Guidi), 546 
Coca, Arthur F. The adjuvant effect of 
aerosol upon the germicidal action of 
cadmium chloride, 689 

Cohn. Essie White, and Roe, Joseph H. A 
new technique for the measurement of 
glycogenosis : a study of glycogen 
metabolism in the liver under fasting 
conditions, 106 

Cole, Versa V. (See Hulfieu and Cole). 
1134 

Cole m an, Harold M. (See McNally and 
Coleman), 429 

Coleman, Marion B. Vi agglutinative pro- 
perties for Bacterium typhosum dem- 
onstrated following infection with ma- 
laria parasites, 916 

Collier, H. Bruce, and Wilbur. Karl M. 
Lysolecithin and the antihemolytic 
value of the blood, 1123 
Converse, John Marquis. Clarke, Carl 
Dame, and Guidi. Henri. Repair of 
cranial defects by cast chip-bone 
grafts, 546 

Cope, H. E. (See Gottschall, deKruif, 
Cope and Laurent), 614 
Copley, Alfred L„ and 'Whitney, David V.. 
III. The standardization and assay of 
heparin bv the toluidine blue and 
azure A reactions. (A correction), 
117 

Corper, H. J. Comparative results with 
transdermal (or transcutaneous) and 
intracutaneous tuberculin tests, 398 
Co Tut, Hope, d., Schiiift, M. H„ and Pow- 
ers. J. Purified pyrogen from Eber- 
thella typhosa, 58 

Crafts, Roger C. Effects of ether anesthesia 
upon total erythrocyte and white cell 
counts of adult female rats, 1070 
Crittenden, Phoebe J., and Joiner. Luella 

S. Cotton hose as a vehicle for a 
fungicide in treatment of athlete's 
foot, 606 

D 

Damon, Samuel R., and Johnson, Mary B. 

A rapid agglutination test for the 
diagnosis of tularemia, 976 
De Angelis, Eugene, and Huntsinger, Mil- 
dred. The clumping of erythrocytes 
in Hayem’s diluting fluid: a grave 
prognostic sign, 624 

deKruif, P. (See Gottschall, deKruif, Cope, 
and Laurant), 614 

Denhoff, Eric, and Piper, Bernard C. Lab- 
oratory aids in the diagnosis of ma- 
laria, 518 

Denko. Charles W.. and Anderson. Arthur 
K. Studies on the toxicity of gold 
compounds in rats, 1168 
Df Xosaquo, Norman, Kerlan, Irvin, ICnud- 
sen, Lila F.. and Klumpp, Theodore 
G Clinical use of oral thermometers, 
179 

Dfjibes, Vincent J., and E.vgelhardt. Hugo 

T. Deaths following the use of local 
anesthetics in transcricoid therapy: a 
critical evaluation. 47S 

Dfbnf.hl, Carl U.. Bader. Madbro N„ and 
Bartlett, Luis H. A simple inexpen- 
sive apparatus for the sterile lyophih- 
zation of small amounts of material, 
978 


Dietz, Albert. (See Steinberg and Dietz), 

695 

Di Palma, Joseph R.. and Kendall, Philip 
L. The relationship between blood 
volume and blood specific gravity in 
the recovery from cardiac decompen- 
sation, 390 

Doan, Charles A. (See Snyder and Doan), 

1211 

Dreisbach, Robert H. (Sec Pfeiffer, Dreis- 
bach, and Roby), 709 

Drury, 'Walter. (See Toomey, Lewis, Aver- 
ill, Drury, and Takacs), 21 
Dunham, Wolcott B. (See Parker, Dun- 
ham, and MacNeal), 37 

13 

Edmonds, Henry W. A nomogram for organ 
weights of children, 1300 
Eliaser, Maurice, Jr. Vertigo and related 
conditions, 680 

Elliott, K. A. C. (See Rivers and Elliott), 
55 

Elman, Robert. (Sec Roberts, Helwig, El- 
man, AND MACBrYOE), 106 2 
Elvers, Charles F. Polychrome No. 28. A 
simplified polychrome stain for use in 
the clinical laboratory, 1094 
Engelfried, John J. The ascorbic acid satu- 
ration test, 324 

Engelhardt, Hugo T. (See Derbes and E.v- 
GELHARDT), 478 

Enzer, Norbert, Simonson, Ernst, and 
Blankstein, Samuel S. The reap- 
pearance of flicker at high flash fre- 
quency in patients with brain pathol- 
ogy and in normal subjects, 63 
Epstein. Jeanne A.. Foley, E. J.. Perrine, 
Isabel, and Lee, S. W. Convenient 
assay method for penicillin and simi- 
lar substances, 319 

F 

Falkenstein, alfons P. (See Ramsey, Falk- 
ENSTEIN, AND SUJKOWSKI),419 
Favorite, Grant O., Reiner, Leopold, and 
London, Russell. Acute agranulocy- 
tosis during sulfamerazlne therapy, 
899 

Feinblatt. Henry 31., Albert, Barnett B„ 
and Ferguson, Edgar A.. Jr. Juvenile 
diabetes insulin sensitivity, 366 
Fellowes, Oliver N., and Routh, Joseph I. 

A study of the chemical composition 
and anti, ‘ ■ ‘‘ * - poiy- 

saccliarid ' * cul- 
tures of 1054 

Felsenfeld, Oscar, and Young, Viola Mae. 
The occurrence of members of the 
genus Salmonella in inhabitants of 
state hospitals of the greater Chicago 
area, 375 

Ferderber, Murray B. (See Moses and Fer- 
derber), 1147 

Ferguson. Edgar A.. Jr. (Sec Feinblatt, Al- 
peiit, and Ferguson), 366 

Ficge, Frank H. J — ,r,,n ''- 

as E., Jr. 
publishing 
phenomena 

Finch, Edmond P., Jr. (See Scott and 
Finch). 404 

Fishback. Hamilton R. On the mobilization 
of iron in hemochromatosis with ad- 
ministration of various chemicals, it- 
Fisiier, C. Virginia. (See Martin a.vp Fish- 
er), 383 

Frrrs Lucille. (See Tuttle and Fitts). 

609 

FLANAGAN. MARY K. (Srr LOUGHLIN. BEN- 

nett, and Flanagan), oGS 

. (See Loughlin. Bennett, Flanagan, a.vp 

Spitz), 921 



AUTHORS INDEX 


Kill 


Fl.ORIN, It. 13.. AM) SlLVDKSTKIN. H. M. Sill- 
foniimUU* determination in blood using 
xylencmlfonic acid ns n protein pre- 
cipitant, 879 

Foley, E J. (See Kpstlin. Foley. 1*i:rrini;, 
and Lee), 319 

Foley, John A (Sec Knout* and Foley). 231 
Free, Alfred H. p and Leonards. Jack K. 
Studies on the ingestion of large quan- 
tities of protein and amino acids, 963 
Friedman, M. H. F. a vehicle for the mtia- 
\enous mlm initiation of fat-soluble 
hormones, 530 


G 

Gatcii, \V. D. ( See Wakim and Catch), 984 
Gklarie, Arnold J. Cultivation and presei- 
vatlon of diplococcus pneumoniae and 
mycobacterium tubetculosls in market 
eggs, 532 

Gill, A. J. Local eoslnophilia in malignant 
neoplasms, 820 

— , Traumatic autograft of splenic tissue In 
the body wall, 247 

GOETCIIIUS. G R . AND LAWRENCE, C A. The 
antibacterial effects of se\eral aciidine 
compounds, 1177 

— and — • The antibacterial effects of vanous 
acridine compounds, 134 
Goldfarb. A. 1. (See Shapiro, Tarlo\. 
Oliver. Goldfarb, Bo jar. Kaslow, 
and Rockenmacher), 282 

GOTTSCHALL, R. Y . DEKRUIF P., CorE, H. B . 

and LAURENT, D. The effect of arti- 
ficially induced fever on anaphylactic 
siiock in acthclj sensitized guinea 
pigs, 614 

Grau. Marguerite L, A simple acid watei 
solution for better visualization of 
malarial parasites using Wright’s 
stain for thick blood films. 1103 
GrecerSEN, Magnus I. A practical method for 
the determination of blood volume 
with the dye T-1824, 12GC 
Gregg, John R. (Sec Chase. Lorenz, Par- 
part, and Gregg), 99 

GreifiNger, William, and Silberstein. 
Joseph K. Safmoncfia food fnfectfon 
in military personnel. 1042 
Guidi, Henri. (See Converse. Clarke, and 
Guidi), 546 

von Gutfeld, F. J. Method to determine the 
penterating power of germicides, 413 

H 

Hall, Betty L. Botulism from home-canned 
beets, 702 

Hambleton, A. A time and temperature guide 
for inspissating culture media, 526 
Harris, Albert H. (See Lange and Harris), 
970 

Harris. Albert M„ and Priestley, Joseph B. 
Actinomycosis, 815 

Hart, Fanchon, and Blum berg, Bernard L 
A simple appaiatus for periodic test- 
ing of p. notatum flask cultures, 749 
Heinemann, Bernard. The bactericidal ac- 
tivity of some dl-(h> dioxyplienyl) al- 
kanes, 254 

Helwio, Klson B. (See Roberts, Helwig, 
Elman, and MacBryde). 1062 
HelwiO, Ferdinand C. A simple rapid meth- 
od for paraffin tissue preparations 
utilizing the Kahn shaker. 304 
Helz, Mary K„ and Menten, Maude L 
Elliptocytosis, a report of two cases. 
185 

Hemingwat, Allan, and Taylor, Charles B. 
Laboratory tests for the oximeter 
with automatic compensation for vaso- 
motor changes, 987 

Hempflmann, Louis A., Jr„ Rein hard. Ed- 
ward H.. Moore. Carl v , Bierbaum. 
Olga S., and Moore. Sherwood. 
Hematologic complications of therapy 
with radioactive phosphorus, 1020 
Herrmann. George R (See RusictK and 
Herrmann), 486 

IIess, Manfred, and Hollander. Franklin. 
Peimanent metachromatic staining of 
gastric mucus smears. 321 
Hill, J. M. (Sec Miiiriiead and Hill),. 339 


H insulin erg, Nell, a solid medium for the 
transportation of delayed gonococcus 
etil tines, 31 1 

1 1 on *m as.tfr, Thomas Jn, (,s* cc figge 

AND HOFFMASTER), 1207 
Hollander, Franklin (Src Hess and Hol- 
lander), 321 

Holmes, Lida F., and Wilson, Mary E. 
Gentian violet-blood agar plates used 
in aerobic and anaerobic cultures of 
wounds, 1090 

HorE, D (See Co Tri, Hope, Sciirift, and 
Powers), 58 

Horn, J. Morris. A note on a simplified and 
rapid test for proteinuria, 228 
Hueper, C. Reactions in the blood and 
organs of dogs on intravenous injec- 
tion of a solution of hemoglobin, 628 
Hulpieu, H. R., and Cole, Versa, V. The 
effect of humidity and tempeiatuie 
on oxygen toxicity, 1134 
Hunt, George A- A study of the Pappen- 
heim stain — a stable modification. 207 
Hunter, Albert C. (See Welch, Price. 

Nielsen, and Hunter), 809 
Huntsinoer. Mildred. (See I>e Angelis and 
Huntringer), 624 


Ivy, A. C. (See Annecers, Snapp, i\t and 
Atkinson), 853 


Jackson, D E. The pharmacologic action of 
2-methylaminoheptane (BA-1), 150 

Jacobs, John, and Yonkman, Fredrick F. 
Sympatholytic treatment of experi- 
mental hypertension, 1217 

JaffiS, Rudolf. General considerations on 
pathogenesis, syphilitic aoititis, myo- 
carditis, hepatic cirrhosis, 139 

Jandorf, Bernard J. (Sec Williams, jan- 
DORF, AND Kay), 329 

Jawetz. E. A mechanical Iodine applicator, 
664 

Johnson, Haralo N Isolation of Bacterium 
tulatense from the sputum of an 
atypical case of human tularemia, 903 

— Natural occurrence of tularemia in dogs 
used as a source of canine distemper 
virus, 906 

Johnson, Mary B, (See Damon and John- 
son). 976 

Johnson, Mart S. (See Shulman and John- 
son), 500 

Joiner, Luella S. (See Crittenden and 
Joiner), 606 

Jordan, Arthur C (Sec Bernhard and 
Jordan), 273, 357 


K 

Kalmanson, G. M.. and Bronfenbrrnnkr. J. J 
Reversibility of sensitization of eryth- 
locytes, 684 

Kaslow, R. (See Shapiro, tarlov, Oliver, 
Goldfarb, Bo jar, Kaslow, and Rock- 
enmachdr), 282 

Kay, Gloria A, (See Williams, Jandorf, 
and Kay). 329 

Kendall, Philip E. (Sec Di Palma and 
Kendall), 390 

Kendell. H. W. (See Gottschall, deKruif, 
CorE, and Laurent). 614 
Kerlan, Irvin. (See Db Nosaquo, Kerlan, 
Knudsen, and Klumpp), 179 
Kingsley. George R. The adaptation of the 
direct biuret method for the deter- 
mination of scrum proteins to box 
comparator colorimetry, 436 
— . The preparation of a more stable con- 
centrated urease solution, 337 
Kinsey. Roy E., and Wright, Du ward O. 
Reactfon following ingestion of so- 
dium benzoate in a patient with se- 
vere liver damage. 188 
KLusrrp. Theodore G. (See De Nosaquo 
Kerlan, Knudsen, and Klumpp), 179 
Knudsen. Lila F. (See De Nosaquo. Kfrlan. 

Knudsen, and KLU&irr), 179 
Koons, Melvin E- The laboratory diagnosis 
of tube rail os is. 75 



1312 


AUTHORS INDEX 


Kornberg, Harry A. A simple automatic 
pipette. 7-17 

IvifAT'Rt,, Kathryn Iv. The microdeterm ina- 
tion of amino acid nitrogen in blood 
with the spectrophotometer and with 
the optical colorimeter, 222 

Kp.autman, Benjamin. (See Siffert and 
IG tAUTHAN), 270 

KROI'P, Benjamin. (See Reed and Kkopp). 
214 

Kropp, George V,. and Foley, John A. Studies 
on a polysaccharide from the tubercle 
bacillus. 231 


L 

Range, Carl, and Harris. Albert H. The 
significance of the pH in the Bold re- 
action, 970 

I, acres'., Frances XT., and Mattice, Mar- 
jorie K. Microdetermination of blood 
glucose, 113 

Bauo, Edwin P. A multiple rabbit holder. 
308 

Laurent, D. (See Gottschall. deKrcip, 
Cope, and Laurent), 614 

Lawrence, C. A. (See Coetchius and Law- 
rence), 134. 1177 

Layne, John A., and Schemm, F. R. Acute 
macrocytic hemolytic anemia occur- 
ring following administration of sulfa- 
diazine, 347 

Leader, S. A. Coronary disease associated 
with a short PR interval and a pro- 
longed QRS, 673 

Lf.e, H. I. Comparison of procedures for 
staining tubercle bacilli in fluores- 
cence microscopy. 218 

Lee, S. TV. (See Epstein, Foley, Perrine, 
and Lee). 319 

Lehman, A. J., and Chase, H. F. The acute 
and chronic toxicity of isopropyl al- 
cohol, 561 

Leiciity. John A. (See Wick and Leigkty), 
303 

Lenhofe, Charles D. (See Sciinitker and 
Lenhofe), 889 

Leonards, Jack R. (See Free and Leon- 
ards), 963 

Lewis, Norman. (See Toomey, Lewis, avek- 
ILL, DRURY, AND TAKACS), 21 

Lewis, Roger A. A simple method for esti- 
mating serum atabrine concentration, 
1303 

Lillie, B. D. Factors influencing the Ro- 
manovsky staining of blood films and 
the role of methylene violet, 1181 

Linton, Loraine Groskin. (Sec Callomon. 
Fritz T.), 574 

Little, J. Maxwell. A simple ventilation 
recorder for animal experiments. 1205 

London, Russell. (See Favorite, Reiner, 
and London), 899 

Lorenz, Philip B, (See Chase. Lorenz, 
Parpart, and Grego), 99 

Loughlin, Elmer H„ Bennett, Richard H.. 
and Flanagan, Mary E. The treat- 
ment of pneumococcal pneumonia with 
sulfamethazine, 668 

, — , and Spitz, Samuel H. Studies on 

' the absorption of the sulfonamides 
from the gastrointestinal tract of al- 
bino rats, 921 

Luisada. Aldo A. (See Rai'pai'Out and Lrt- 
Sada), 638 

Lxjsk, Frank B. (See Bohan and Lusk). 
585 


M 

McBride, Alice- (See Rowe, McBride, and 
* Mettier), H56 

atu-Bryde, CYRIL M. (See Roberts, Helwig, 
M AND MacBryde), 1062 

,.,.p 1VACK THOMAS HODOE, AND VOGEL. MlL- 
M dred. Propylene glycot as a men- 

struum f° r U> e administration of 
steroid hormones, 1256 

on-Jv J. M.. Thayer, S„ and Stare. F. 
MCKJBim . deficiency studies in dogs. 

1109 


MacNeal^Vaed^J. (See Parker and Mac- 

— - (See Parker, Dunham, and MacNeal), 

O / \ 

McWilliams, Mary a. (See Engelfrieo 
John J.), 324 

MADONJCK, M. J., AND SAVITSKY, NATHAN. 
The relation between the Pandv test 
and total protein content of spinal 
fluid, 542 

Mallery, O. T„ Jr. (See Randolph and 
Mallery), 197 

— , AND Randolph, Theron G. The effect in 
203° prop5llene K'ycol in leucocytes, 

Martin, Gustav j„ and Fisher, C. Virginia. 
Nutritional status of Staphylococcus 
aureus as influenced by proflavine, 383 

Mattice, Marjorie R, (See Lauder and Mat- 
tice), 113 

— . (See Pinck, Morton, and Mattice), 462 

Menten. Maud L. (See Helz and Men.ten), 
1 85 

Meranze, David R. (See Trasoff and Me- 
ranze), 590 

Merrill, Malcolm H. (See Neufeld and 
Merrill). 1100 

Mettier. Stacy R, (See Rowe, McBride, and 
Mettier). 1156 

Minnich, V. (See Moore, Vilter, Minnich. 
and Spies), 1226 

Minot, Ann S. The determination of toco- 
pherol in blood serum, 772 

Moore, Carl V. (See Hempelmann, Rein- 
hard, Moore, Bierbaifm, and Moore), 
1020 

— , Vilter, R. ( Minnich, V, and Spies, T. D. 
Nutritional macrocytic anemia in pa- 
tients witli pellagra or deficiency of 
the vitamin B complex, 1226 

Moore, Sherwood. (See Hempelmann, Rein- 
hard, Moore, Bierbaum, and Moore), 
1020 

Morton, Gladys L. (See Pinck, Morton, 
and Mattice), 462 

Moses, Campbell, and Ferderber, Murray B. 
The oscillometer and thermocouple as 
diagnostic aids in peripheral vascular 
disease, 1147 

Muirhead, E. E„ and Hill, J. M. Shock re- 
sulting from the intraperitoneal im- 
plantation of reconstituted desiccated 
muscle, 339 

Munbo, F. L. A modified pipette for pro- 
thrombin determinations. 986 

Myers, Victor C. The prognostic significance 
of an elevated blood creatinine, 1001 


Necheles, H.. and Olson, TV. H. Note on 
the "digestion" of metal in the 
stomach, 687 

Nelson, Truman. (See Ray and Nelson). 
766 

Neufeld. John TV., and Merrill, Malcolm 
H. A mechanical device for making 
multiple paraffin rings for slide pre- 
cipitation tests for syphilis, 1100 
Nielsen, Jean K. (See Welch, Price, Niel- 
sen, and Hunter). 809 

O 

O'Brien, El win J. (See Brown, O'Brien. 

and Rook), 410 . _ 

Olxveria Dima, A. Allergy from tmibo (Don- 
cliocarpus H.B.K.). 939 
Oliver. R. (See Shapiro, Tarlov, Oliver. 
Goldfarb, Bojar. Kaslow, and Rock- 
en.macher), 282 , - 

Olson, TV. H. (See Necheles and Olson), 
687 . . L.. 

Orr, Martha D. (See Tobie and Orr), <6< 


lmes, E. B. (See Alford and Palmes), 

tU, Madureira. Tlic application of a proc- 
essed glue as a substitute for glas. 
coversllps in histologic teehniflue, 1-94 
p.ker. Ernestine R-, Dunham. 

B„ and MacNeal, Ward J. Resist 
cnee of the Melbourne strain of in- 
fluenza virus to desiccation, J 1 



AUTHORS INDEX 


1313 


— , and MacNeal, Ward J. Persistance of in- 
fluenza vlius on the human hand. 121 
Parkins. Phyllis V. (See Ratcliffe and 
Parkins), 534 

Partart, Arthur K. (See Chase, Lorenz, 
Parpart, and Greco), 99 
Parrish, D. B., and Caldwell, M. J. Modi- 
fied TCoch pipette for Carr-Price re- 
agent dispenser, 992 

Pennock, Lazarus L. Simplification of the 
treatment of diabetes, 168 
Perrine, Isabel, (See Epstein, Foley, Per- 
rine, and Lee). 319 

Pfeiffer, Carl, Dreisbach, Robert II.. and 
Roby, Charles C. Therapy of mi- 
graine by electrolytes affecting the 
blood volume, 709 

Pinck, Bernard D„ Morton, Gladys L-. and 
Mattice, Marjorie R. Effect of cer- 
tain salts on activity of sulfacetamide, 
462 

Piper, Bernard C. (See Denhoff and 
Piper), 618 

Potji, Edgar J., and Ross, Charles A. The 
clinical use of phthalysulfathiazole, 
785 

Potter, Harold W„ and Bronstein, Lewis 
H. The Waterhouse-Friderichsen syn- 
drome, 703 

Powell, h. M., and Rice. R. M. Ineffective 
penicillin chemotherapy of arthritic 
rats infected with pleuropneumonia- 
like organisms, 372 

Towers, j. (See Co Tur, Hope, Schrift, and 
Powers), 58 

Price, C. W. (See Randall and Price), 312 
— . (Sec Welch, Price, Nielsen, and Hun- 
ter), 809 

Priestley, Joseph B. (See Harris and 
Priestley), 815 

Q 

Quigley, j. p. (See Brody and Quigley). 863 
R 

Raab, W. Cardiotoxtc substances in the blood 
and heart muscle in uremia (their 
nature and action), 715 
Racker, E, and Rose, S P. "Reverse" typ- 
ing as an aid in the diagnosis of pneu- 
monia, 1203 

Ramsey, Tho.mae L., Falkenstein. Alfons 
P., AND SUJKOWSKI, EUGENE J. The 
use of the albino rat in the preg- 
nancy hormone test, 419 
Randall, W. A., and Price. C. W. A rapid 
method for estimating the bacterio- 
static activity of disinfectants, 312 
Randolph, Theron G. (See Mallery and 
Randolph), 203 

— , AND MALLERY, O. T.. Jr. The effect in 
vitro of propylene glycol on erythro- 
cytes, 197 

Rappaport, Maurice B., and Luisada, Aldo 
A. Indirect sphygmomanometry, 638 
Ratcliffe, Herbert L.. and Parkins, Phyl- 
lis V. On the use of Mallory's photo- 
tungstic acid hematoxylin for stain- 
ing intestinal protozoa, 634 
Ray, Titus B.. and Nelson, Truman. Sta- 
bilizing serum for blood typing, 766 
Reed, C. I. (See Silver. Steck, and Reed), 
48 

Reeo, G. B., and IvROPP, Benjamin. A simple 
apparatus for determining peripheral 
arterial pressure in the labbifs ear. 
214 

Reed, Raciiael K. { See Sapirstein, Reed, 
and Southard), 633 

Reich, Carl, Swirskt. Morgan, and Smith, 
Dorothy. Sternal bone marrow in the 
aged, 508 

Hein, Charles R. (See Barnard, Robert D.). 
1287 


Reiner, LtoroLD. ( See Favorite, Reiner, 
and London), 899 

Reinhard, Edward H. (See Hempelmann, 
Reinhard, Moore. Bierbaum, and 
Moore), 1020 

Reis, Frederick. Note on the selenium 
method for the determination of non- 
protein nitrogen, 666 

Repicci, Anthony. (See Bridge, Thurston, 
and Repicci), 936 

Rice, F. A. H. (See Young and Rice), 439, 
735 

Rice, R. m. (See Powell and Rice), 372 
Rigdox, R. H. Effect of heparin on phagocy- 
tosis, 840 

— . and Allan, Chester, Jr. Aneurysms of 
the vertebral arteries, a consideration 
of their etiology, 28 

Rivehs, T. D., and Elliott, K. A. C. Ex- 
treme resistance to insulin stupor in 
a schizophrenic patient, 55 
Roberts, Charles S. (See Turner and Rob- 
erts), 81 

Roberts. Harold 'K., Helwig, Elsox B., El- 
man, Robert, and MacBrtde, Cyril 
M. Serial biopsy studies of the ef- 
fects of estrogens on the liver, 1062 
Robinson, Miles H. Apparatus for constant 
rate intravenous injection of ultra 
short-acting anesthetics in mice, 296 
Roby, Charles C. (See Pfeiffer, Dreisbach 
and Roby), 709 

Rockenmacher, M (See Shapiro, Tarlov, 
Oliver,. Goldfarb, Bojar, kaslow. 
and Rockenmacher), 282 
Roe. Joseph H. (See Cohn and Roe), 106 
Rocers, R. J. Subacute bacterial endocaiditis 
confined to a pulmonic valve with 
malformed leaflets, 825 

Rook, Charles W. (See Brown, O’Brien, 
and Rook), 410 

Rose, D. L. (See Gqttschall, deKruif, Cope, 
and Laurent), 614 

Rose. S. P. (See Racker and Rose), 1203 
Rosenberg, Sylvia I. (See Bier man, 
Shwartzman, and Rosenberg), 454 
Rosenfeld, Samuel S., and Rosenfeld, 
Vilma W. The reaction of Xenopus 
laevis daudin (the South African 
clawed frog) to human pregnancy 
serum, 527 

Rosenfeld, vilma W. (See Rosenfeld and 
Rosenfeld), 527 

Rosenthal, L. Seroflocculation with a new 
group of untigens in some pathologic 
conditions, 1198 

Ross, Charles A. (See Poth and Ross), 785 
Routii, Joseph I. (See Fellows and 
Routh). 1054. 

Rowe, Albert P., Jr., McBride, Alice, and 
Mettier, Stacy R. A study on the 
relationship of blood iso-agglutinin 
titers to total serum protein concen- 
trations, 1156 

Rule, Colter A simple auscultatory' tech- 
nique for the estimation of the blood 
pressure of dogs, 97 

Ruekin. Arthur, and Herrsiann, George R. 
Studies in combined diuretic therapy, 
486 

S 

Salit, Elizabeth Powell, and Tuttle. W. W. 
The variability of heart rate and 
blood pressure In selected groups of 
college and high school students, 1139 
Sano, Machteld E (See Smith, Lawrence 
W.), 241 

•Sapirstein. Leo A.. Reed. Rachael K.. and 
Southard, F. D.. Jr. Assay of renin 
substrate by low temperature incuba- 
tion with renin, 633 

Savitsky. Nathan. (See Madonick and 
Savitsky), 54 2 



1314 


AUTHORS INDEX 


Sciiemm, P. R. (See Layne and Sciiemm), 
347 

Schleicher, Emil Maro. Giant orthocliro- 
matic erythroblasts, 127 
Schmidt, Lilly. (See Co Tn, Hope, Kchkift, 
and Powers), 5S 

Schnitker, Maurice A . , and Lenhoff, 
Charles D. Sulfonamide-resistant 
gonorrhea treated with urea and sul- 
fonamide by mouth, 889 
Schrek, Robert. A method for mounting 
gross pathologic specimens in Petri 
dishes, 91 

Sen rift, M. H. (See Co Tui, Hope, Schript, 
and Powers), 58 

Schwartz, Pauline. (See Brown, Wilder, 
and Schwartz), 259 

Scott, Elvyn, G., and Pinch, Edmond P„ 
Jr. A modified test for the detection 
of nitrate reduction, 404 
Scutchfield, Beecher L. A method of ob- 
taining compressed air for the small 
laboratory, 745 

Seely, Dorothy Dixon, Stookey, Paul f.. 
and Sherwood, Noble P. A study of 
staphylococcus antitoxin titers in nor- 
mal human sera, 1162 

Sell, Floyd. A viewing device for reading 
Kahn reactions, 752 

Shapiro, Arthur, Tarlov, X, M„ Oliver, R., 
Goldfarb, A. I„ Bojar, S„ Kaslow, 

R. , and . Rockenmacher. M. Plasma 
clot tensile strength. XX. The effect 

. of some physical factors, anticoagu- 
lants, and coagulants, 282 
Sheftel, A. G. Determination of total and 
free cholesterol, 875 

Sherwood, Noble P. (See Seelt, Stookey, 
ANp Sherwood), 1162 

Shopman, Bernard H., and Johnson, Mary 

S. A case of meningitis in a prema- 
ture infant due to a proteolytic Gram- 
negative bacillus, 500 

Shwartzman, Gregory. ( See Bier man, 
Shwartzman, and Rosenberg), 454 
Siffert, Robert S., and Krautman, Benja- 
min. Cold hemaglutination reactions 
in tuberculosis, 270 

Silberstein, Joseph K. (See Gre:finger, and 
S lLBERSTEIN ) , 1042 

Silver, A., Steck, Irving E., and Reed, C. I. 

A study of the effects of vitamin D on 
capillary permeability by the use of 
the dye T-1824, 48 

Silverstein, R. M. (See Florin and Silver- 
stein), 879 

Simpson, W. M. (See Gottsciiall, deKruif, 
Cope, and Laurent), 614 
Simonson. Ernst. (See Enzer, Simon- 
son, and Blankstein), 63 
Slavkin, Alice E. Quick paraffin method for 
small biopsies, 74 

Slobody, Lawrence B. An intradermal test 
for vitamin C subnutrition, 464 


Smith, Dorothy. (See REicn, Swirsky, and 
Smith), 508 

Smith, Jane. (See Beckman and Smith), 43 
Smith, Lawrence W. Chlorophyll : an ex- 
perimental study of its water-soluble 
derivatives. IV. The effect of water- 
soluble chlorophyll derivatives and 
other agents upon the growth of fibro- 
blasts in tissue culture, 241 
Smith, M. S. A homemade mechanical pi- 
pette, S72 


SMITH, 

SNApr, 

Snyder, 


Sedgwick E. A new hematocrit tube, 
301 

F. E. (Sec Axnegers, Snapp, Ivy. 
and Atkinson). 853 
Laurence H.. and Doan. Charles A. 
Studies in human inheritance. XX\ . 
Is the homozygous form of multiple 
telangiectasia lethal? 1211 


Solomon, Ernest M- 
ment of atypical 


Human serum 
pneumonia, 493 


treat- 


Sopiiian, Lawrence II. A method for the re- 
covery of penicillin from the mine, 769 
Southard, f. D„ Jr. (Sec Sapirstein, Reed, 
and Southard), 633 

Spies, T. ]j. (See Moore, Vilter, Minnicii, 
And Spies), 1226 

Spitz, Samuel H. (See Loughlin, Bennett, 
Flanagan, and Spitz), 921 
Spray, Robb Spalding. Blood agar plates, 538 
Stare, F. j. (See McICibbin, Thayer, and 
Stare), 1109 

Steck, Irving E. (See Silver, Steck, and 
Reed), 48 

Stein, L. (See Wertheimer and Stein), 
1082 

Steinberg, Bernhard, and Diet z, Albert. 
Manual and mechanical resuscitation 
in experimental asphyxia, 695 
Steiner, Gabriel, and Steiner, Grete. New 
simple silver stain for demonstration 
of bacteria, spirochetes, and fungi in 
sections from paraffin-embedded tissue 
blocks, 868 

Steiner, Grete. (See Steiner and Steiner), 
868 

Stookey, Paul F. (Sec Seelt, Stookey, and 
Sherwood), 1162 

Sujkowski, Eugene J. (See Ramsey. Fal- 
KEN STEIN', AND SUJKOWSKI), 419 
Swan, Lawrence L, The macroscopic deter- 
mination of blood groups A and B, 763 
Sweeney, Beatrice M. The effect of estrone 
on anaerobic glycolysis of the uterus 
of the rat in vitro, 957 

Swirsky, Morgan. (See Reich, Swirsky, 
and Smith), 508 

T 

Takacs, William S. (See Toomey. Lewis. 

AverilLj Drury, and Takacs), 21 
Tarlov, X. M. (See Shapiro, Tarlov, Oliver, 
Goldfarb, Bojar, Kaslow, and Rock- 
enmacher), 282 

Taussig, albert E. On the persistance of 
falsely positive serologic tests for 
syphilis in nonsyphititic infections, 473 
Tatlor, A.. Cecil. Apparatus for the freez- 
ing-drying of tissues for storage, 657 
Taylor, Charles B. (See Hemingway and 
Taylor), 987 

Thayer, S. (See McICibbin, Thayer, and 
Stare), 1109 

Thurston, arelyn. (See Briikie, Thurston, 
and Repicci), 936 

Tobie, Walter C., and Orr, Martha L. De- 
termination of phenol coefficients in 
presence of surface tension depres- 
sants, 7G7 

Tobin, Charles E. Effect of gonads and 
adrenals on the absorption of subcu- 
taneous sesame oil, 850 
Toomey, John A., Lewis, Norman, Averill, 
Earl, Drury, Walter, and Takacs, 
William S. Active and passive im- 
munity in experimental hemophilus 
pertussis infection in mice, 21 
Trasoff, Abraham, and Meranze, David R. 
The association of acute interstitial 
pancreatitis with acute pneumococcic 
mural endocarditis, 590 
Turner, William J., and Roberts, Charles 
S. An adhesive nondrying electrode 
paste, 81 

Tuttle, W. W. (See Sai.it and Tuttle), 
1139 

, and Fitts, Lucili.e. The effect of bent 

produced by short wave diathermy on 
the activity of muscle, 609 

V 

Van Loon, Edward J., and Clark, Byron B. 

Observations on the hematologic ac- 
tions of acetaniiid and acetophene- 
tirlin in the dog, 942 



AUTHORS INDEX 


1315 


Vaughan, Warren T„ Jr. (See Chaitle and 
Vaughan), 1 

Vilteh, R. ( See Moore, Viltcr, Minnicii, 
and SPIES), 1226 

Vogel, Mildred. (Sec McGaiack and Vogel), 
125b 


\V 


Waine, Hans, Bauer, Walter, and Bennett, 
Granville A The effect of subcu- 
taneous injection of urine anti in inary 
extracts from rheumatoid patients into 
rats, 19 

AVakim, K. G.. and Gatcii, IV. D. A cannula 
for measuring intrathoracic pressure, 
984 


Walker. Harry. 
595 


(Sec Bloom and Walker), 


Wilde, Walter S. A micro-decanter foi 
centrifuge washing, 881 

Wilder, Violet M (See Brown, Wilder, 
and Schwartz). 239 

Williams, Robert H . Jandorf. Bernard J., 
and Kay. Gloria A. Methods for the 
detei rmnatlon of thiouiacil in tissues 
and body fluids. 329 

Wilson, Charles S. (See Yeaofr and Wil- 
son), 177 

Wilson. Mary E. (Sec Holmes and Wil- 
son). 1090 

Witlin, Bernard. Self-buffering staining 
solutions, 1097 

Wright. Du ward O (Ste Kinsey and 
Wright), 188 


Wallen, Arthur (Sec Co Tui. Hope, 
Sciirift, and Powers). 58 

Watts, G. W. T. Treatment and conti oi of [ 
epidermophytosis and bromidtosis in a I 
state school with cadmium chloride- i 
aetosol solution, 692 

Weiss. R. A device for the protection of • 
microtome sections, r>23 , 

Welch, Henry. Price. Clifford W.. Nielsen. . 
Jean K., and Hunter, Albert C. 
The acute toxicity of commercial pen- 
icillin, 809 

Wertheimer. E., and Stein, L. The cold- 
susceptible globulin fraction of patho- 
logic sera, 1082 

Whitney. David V., III. (See Copley and 
Whitney), 117 

Wick, harry J., and Leighty. John A 
Rabbit box. 303 

Wilbur, Karl M. (Sec Collier and Wilbur), 
1123 


Y eager, J. Franklin, and Wilson. Charles 
S. Circa 42, a new itch lemedy, 177 
Yonkman. Fredrick F. Toxicity of yohim- 
bine hydrochlondc, 1222 
— . (Sec Jacobs And Yonkman), 1217 
Young. E. Gordon, and Rice, F. A H. Eou- 
cocytosis as an index of pyrogenicit> 
in fluids for intravenous use, 735 
— , and — . On the occurrence of aisenic in 
human hair and its medicolegal sig- 
nificance. 439 

Younc, Viola Mae. (See Felsenfeld and 
Young), 375 

Z 

Zimmerman. S. L* Tiansient T-wa\e invet- 
sion following paioxysmal tachycardia. 
598 



SUBJECT INDEX 

Book reviews are indicated by (B. Rev.) after the page number. 


A 

Absorption of subcutaneous sesame oil. effect 
of gonads and adrenals on, 850 
of sulfonamides from gastrointestinal tract 
of albino rats, 921 

Acetanilid and acetophenetidin, hematologic 
actions of, in dog, 942 

Acetophenetidin and acetanilid, hematologic 
actions of, in dog, 942 
Acid, ascorbic, saturation test, 324 
xylenesulfonic, as protein precipitant for 
sulfonamide determination in blood, 
879 

Acridine compounds, antibacterial effects of, 
134. 1177 
Actinomycosis, S15 

Acute agranulocytosis during sulfamerazine 
therapy, 899 

interstitial pancreatitis, association of, with 
acute pnoumococcic mural endocard- 
itis, 590 

macrocytic hemolytic anemia following ad- 
ministration of sulfadiazine, 347 
pneumococcic mural endocarditis, associa- 
tion of, with acute interstitial pan- 
creatitis, 590 

toxicity of commercial penicillin, 809 
Adrenals and gonads, effect of, on absorption 
of subcutaneous sesame oil, 850 
Aerobic and anaerobic cultures of wounds, 
gentian violet-blood agar plates 
used in, 1090 

Aerosol, adjuvant effect of, upon germicidal 
action of cadmium chloride, 6S9 
Aged, sternal bone marrow in, 508 
Agglutination, collodion particle, microscopic 
. ' •• * *- -ntiprotein 


test, ra 
Agranuloc 


899 

Air, compressed, method of obtaining, for 
small laboratory, 745 

Albino rat. use of, in pregnancy hormone test, 
419 

Alcohol in blood, micromethod for determina- 
tion of, 4 29 

isopropyl, acute and chronic toxicity, 561 
Allergic factor in altitude sickness, 831 
Allergy from titnbd ( Lonchocarpus H.B.IC.), 
939 

handbook of, 886 (B. Kev, ) 

Alloxan diabetes in dogs, 510 
Altitude sickness, possible allergic factor in, 
831 

Amino acid nitrogen in blood, microdetermina- 
tion of, with spectrophotometer and 
with optical colorimeter, 222 
acids and protein, ingestion of large quanti- 
ties of. 963 

Ammonia in urine, determination of, 447 
Anaerobic and aerobic cultures of wounds. 

gentian violet-blood agar plates used 
in, 1090 „ , 

glycolysis of uterus of rat in vitro, effect 
of estrone on. 957 .... 

Anaphylactic shock in actively sensitized 
guinea pigs, effect of artificially in- 
duced fever on, 614 

\ . • ' ' ■ hemolytic, following 

■ of sulfadiazine, 347 

■ ■ in patients with pel- 

lagra or vitamin B complex defi- 
ciency, 1226 ... ,, 

Anesthesia, ether, effects of, upon total eryth- 
rocyte and white ceil counts of adult 
female rats. 1070 , . , .. 

Anesthetics, local, in transericonl therapy, 
deaths following use of, 478 
-ultra short-acting, apparatus for constant 
rate intravenous injection of, m 
mice. 296 . . , 

Aneurysms of vertebral arteries; considera- 
tion of their etiology, 28 
Animat experiments, simple ventilation re- 
corder for, 1205 .. 

inoculation and microscopic examination, <5 


nia, 976 
therapy, 


Antibacterial effects of acridine compounds, 
134, 1177 

Antigenic properties and chemical composition 
of polysaccharide fraction of three- 
hour cultures of Staphylococcus 
aureus, 1054 

'■ ~ ’ th new group of, 

conditions, 1198 
, lysolecithin and, 

1123 

Antiseptic, intestinal, value of sulfathiazoie 


as. 794 

Antitoxin, staphylococcus, titers in normal 
human sera, 1162 

Aortitis, syphilitic, myocarditis, hepatic cir- 
rhosis, general considerations on 
pathogenesis, 139 

Apparatus for constant rate intravenous in- 
jection of ultra short-acting anes- 
thetics in mice, 296 

for determining peripheral arterial pressure 
in rabbit’s ear, 214 

for freezing-drying of tissues for storage, 
657 

for periodic testing of P. notatum flask 
cultures, 74 9 

for sterile lyophilization of small amounts 
of material, 97S 

Application of "inductograph” to registration 
of movements, particularly' of body 
structures such as pyloric sphincter, 
863 

Applicator, iodine, mechanical, 664 
Arsenic, occurrence of, in human hair and 
medicolegal significance, 439 
Arterial pressure in rabbit’s ear, simple ap- 
paratus for determining. 214 
Arteries, vertebral, aneurysms of; considera- 
tion of their ’’ ’ 

Arthritic rats infected 

like organism , 
chemotherapy of, 372 
Ascorbic acid saturation test, 324 
Asphyxia, experimental, manual and mechan- 
ical resuscitation in, 695 
Aspirin hypersensitivity, nodal rhythm and 
bundle branch block following, 595 
Assay method, convenient, for penicillin and 
similar substances, 319 
of renin substrate by low temperature in- 
cubation with renin, 633 
Atabrine, serum, concentration, simple method 
for estimating, 1303 

Athlete's foot, treatment of, cotton hose as 
vehicle for fungicide in, 606 
Atypical pneumonia, human serum treatment 
or, 493 

Auscultatory technique, simple, for estimation 
of blood pressure of dogs, 97 
Autograft, traumatic, of splenic tissue in hotly 
wall, 247 

Automatic pipette, simple, 747 
Autopsy, 230 (B. Rev.) 

Avian malaria infections, apparent advantage 
of frequently administered quinine 
in, 43 

Azure A and toluidinc blue reactions, stand- 
ardization and assay of heparin by 
(correction), 117 


B 

Bacillus, proteolytic Gram-negative, meningi- 
tis in premature infant due to, 500 

Bacteria, spirochetes, and fungi in sections 
from paraffin-embedded tissue blocks, 
silver stain for demonstration of, 

Bactericidal activity of some df-(hydroxy- 

Bacteriost ’ ' eejants, rapi<1 

Bacterium tularense, isolation oi. from sputum 
of atypical case of human tularemia. 
903 

’’infection 

916 
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Bui bi titrate intoxication and plcrotoxin treat- 
ment, 265 

Beets, home-canned, botulism from. 702 

Bile acids, effect of, on biliary excretion of 
neoarsphenamtnc ana maphnrsen, 
S53 

Billarj* excretion of neoarsphcnamlne and 
maplmrsen, effect of bile acids on, 
853 

Biochemistry fot medical students, 459 <B. 
Rev.) 

Biopsies, small, quick, paraffin method for, 74 

Biopsy studies of effects of estrogens on livci, 
1062 

Biuret method, direct, for determination of 
serum protein's, adaptation of, to box 
comparator colorimetry, 436 

Blood agar-gentian violet plates used in aero- 
bic and anaerobic cultures of 
wounds, 1090 
agar plates, 638 

amino acid nitrogen in, microdetermination 
of, with spectrophotometer and with 
optical colorimeter. 222 
and heart muscle m uremia, cardlotoxic 
substances in, 715 

and organs of dogs, reactions in, on intra- 
venous injection of hemoglobin solu- 
tion, 628 

antlhemolytlc value of, lysolecithln and, 
1123 

creatinine, elevated, prognostic significance 

of. 1001 

ethyl alcohol In. rmcromethod for determina- 
tion of, 429 

films, Romanovsky staining of. and role of 
methylene violet, 1181 
glucose, microdetermination of, 133 
groups A. and B, macroscopic determination 
of, 763 

In tuberculosis, clinical significance of, 118 
(B, Rev.) 

iso-agglutlnln titers, relationship of. to total 
serum protein concentration, 1156 
pressure and heart rate, variability of, m 
selected groups of college and high 
school students. 1139 
estimation of, 638 

of dogs, estimation of, simple ausculta- 
tory technique for. 97 
scrum, determination of tocopherol In, 772 
specific gravity and blood volume, relation- 
ship between, in recovery from car- 

stored, ■ 


sulfonamide determination in, using xvlcnc- 
sulfonlc acid as protein precipitant, 
879 

typing, stabilising serum for. 766 
volume and blood specific gravity, relation- 
ship between, in recovery from card- 
iac decompensation, 390 
method for determination of, with the T- 
1824. 3266 

therapy of migraine by electrolytes af- 
fecting, 709 

Body and facial prosthesis in relation to war 
wounds. 667 

fluids, thiouracil in. methods for determina- 
tion of. 329 

structui es, application of “Inductograph” to 
registration of movements of, 863 
Bono chip's, grafts, repair of cianiai def cets, 
546 

manow m the aged, 508 
Book reviews and notices, 118, 230, 450. 360, 
782, 883, 938, 1107. 1210. 1307 
Boiderlands of psychiatry. 119 ( B. Rev ) 
Botulism from home-canned beets, 702 
Box comparator colorimetrj, adaptation of di- 
rect biuret method to, for determina- 
tion of serum proteins, 436 
rabbit, 303 

Brain pathology, patients with, and nonnal 
subjects, reappeal ance of fljckei at 
high flash frequency in, 63 
Brains, color photography of, after fixation, 
997 

Bromldrosis. cadmium-aerosol solution for, 634 
Bundle branch block and nodal rhjthtn fol- 
lowing aspirin hjpersensitivit), 395 


Cadmium chloride, geinucidal action of, adju- 
vant effect of aerosol upon, 6*9 
Cancer, riddle of, 883 (B. Rev.) 

Canine distemper virus, natural occurrence of 
tularemia m dogs used as source of, 
906 

Cannula for measuring jntiathoracic piei-suie, 
984 

Capillary permeability, effects of vitamin D 
on, by use of dje T-1824, 48 
Cardiac decompensation, relationship between 
blood volume and blood specific 
giavity in recovery from. 399 
Cardiotoxtc substances in blood and heart 
muscle in uiemia, 71. S 
Care of animals, 80 
of human sperm, 211 

Carr-Price reagent dispenser, modified ICoch 
pipette for, 992 

Cast chip-bone giafts. repan of cranial de- 
fects by, 546 

Cell growth in vitro, role of creatine In, and 
its use m wound healing, 483 
white, and total er>tiirocyte counts of adult 
female rats, effects of ether anes- 
thesia upon, 1070 

Centrifuge wasluni ’ * " 

Chemical composit . 

tics of 

three-hou ' 

coccus at. , „ ... ■ 

Chemotherapeutic sulfa drugs upon growth of 
is. 454 

. ■ .-e, of .ur- 

; ■ th pleuro- 

. . 372 

Chicago area, occurrence of members of genus 
Salmonella in inhabitants of state 
hospitals of, 375 

Chick, P. lophurae in. effect of hoparm on, 8 40 
Children, organ weights of, nomogram for. 

‘ 1300 

Chip-bone grafts, repair of cranial defects by. 
546 

Chlorophyll, study of its water-soluble deriv- 
atives. 241 

Cholesterol, total and free, determination of, 
875 

Choline deficiency studies m dogs, HQ9 
Circa 42, new itch remedy, 177 
Cirrhosis, hepatic, syphilitic aortitis, myo- 
carditis, general considerations on 
pathogenesis, 139 

Citrate utilization, medium for determination 
of, bv colon bacteria. 306 
Clinical method for studying factor of human 
lelations in disease, 1 
use of oral thermometers, 179 
of phthalylsulfathiazole, 785 
Clot, plasma, tensile strength of, 282 
Cold agglutination, vasospastic factor in 
serum of ease of Raynaud’s disease 
with. 1074 

agglutinins in tuberculosis, 936 
fraction, 1082 

hemagglutination reactions in tuberculosis, 
270 

Cold-susceptible globulin fraction of patho- 
logic sera, 1082 

Collodion particle agglutination in protem- 
antiprotein systems. 352 
Colon bacteria, medium for detrimmation of 
citrate utilization by, 306 
surgery of, phthalylsulfathiazole as adjuvant 
in. 798 

Color, photographs of fluorescence phenomena 
in. inexpensive method of publishing, 
1207 

photography of fixed pathologic specimens, 
994 

plates. 262. 470, 996, 1094, 1208, 1212 
Colorimeter, optical, and spectrophotometer, 

* ‘ of ammo acid 

vith, 222 

f traces of metals. 

Colorimetry, box comparator, adaptation of 
ditcct biuret method for determina- 
tion of serum proteins to, 436 
Commercial penicillin, acute toxicity of, 809 
Comparative results with transdermal (or 
transcutaneous) and Jntra cutaneous 
tuberculin tests, 398 
Compleat pediatrician, SCO (B Rev) 
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Compounds, acridine, antibacterial effects of, 
131, 1177 

sold, in rats, toxicity of, lies 
Coronary disease associated with short PR in- 
terval and prolonged QRS, 673 
Correspondence, 783 

Cotton hose as vehicle for fungicide in treat- 
ment of athlete's foot, 606 
Coverslips, glass, processed glue as substitute 
for, in histologic technique, 1291 
Cranial defects, repair of, by cast chip-bonc 
grafts, 546 

Creatine, role of, in cell growth in vitro and 
its use in wound healing, 183 
Creatinine, blood, elevated, prognostic signifi- 
cance of, 1001 

Cultivation and preservation of diplococcus 
pneumoniae and mycobacterium tu- 
berculosis in market eggs, 532 
Culture media, bacteriologie maintenance of 
moisture in, 751 

time and temperature guide for inspis- 
sating, 526 

Cultures, aerobic and anaerobic, of wounds, 
gentian violet-blood agar plates 
used in, 1090 

gonococcus, delayed, solid medium for trans- 
portation of, 311 

P. notatum, simple apparatus for periodic 
testing of, 719 

D 

Dark-field diagnosis of penile lesions, 82 
Deaths following use of local anesthetics in 
transcricoid therapy, 178 
Decompensation, cardiac, relationship between 
blood volume and blood specific 
gravity in recovery from. 390 
Depressants, surface tension, determination of 
phenol coefficients in presence of, 
767 

Desiccation, resistance of Melbourne strain of 
influenza virus to, 37 

Detection of nitrate reduction, modified test 
for, 104 

Device for protection of microtome sections, 
525 

mechanical, for making multiple paraffin 
rings for slide precipitation tests for 
syphilis, 1100 

restraining, for hematological work with 
rats and mice. 981 

viewing, for reading Kahn reactions, 752 
Kahn, with standard illumination for 
reading tubes in rack, 755 
Diabetes, alioxan, in dogs, 510 
juvenile, insulin sensitivity, 366 
treatment of, simplification, 168 
Diabetic life, control by diet and insulin, 886 
(B, Rev.) 

Diagnosis and treatment- of epidemic cere- 
brospinal meningitis, 585 
dark-field, of penile lesions, 82 
laboratory, of tuberculosis, 75 
medical. 1210 (B. Rev.) 
of malaria, laboratory aids in, 51 S 
of pneumonia, "reverse" typing as aid in, 
1203 

oC tularemia, rapid agglutination test for, 
976 

Diarrheas, treatment of, with phthalylsulfa- 
thiazole, 796 

Diathermy, short wave, effect of heat pro- 
duced by, on activity of muscle, 603 i 
Diet and insulin, control by, in diabetes, 886 j 
(B. Rev.) , , , , : 

Diethylstilbestrol, chemical and morphologic 
responses to, 1062 

Diets, elimination, and patient's allergies, SS6 
(B. Rev.) 

“Digestion" of metal in stomach, 687 
Di- 1 hydroxyphenyl ) alkanes, bactericidal ac- 
tivity of some. 251 
Dogs, alloxan diabetes in. 510 
blood pressure of, simple auscultatory tech- 
nique for estimation of. 97 
choline deficiency studies in, 1109 
hematologic actions of acctaniiid and acoto- 
pbenetidin in, 912 j 

natural occurrence of tularemia in, used as I 
source of canine distemper virus, 906 j 
reactions in blood and organs of. on intra- j 
venous injection of hemoglobin solu- i 
tion. 62S 


Diplococcus pneumoniae and mycobacterium 
tuberculosis, cultivation and preser- 
vation of, in market eggs, 532 
Disease, coronary, associated with short P11 
interval and prolonged QRS. 673 
creatinine content of blood in, 1004 
human relations in, clinical method for 
studying, 1 

hypertensive, and hypertension, 998 (B. 

Rev. ) 

Raynaud's, with cold agglutination, vaso- 
spastic factor in serum of case of, 
1071 

Diseases, heart, 999 (B. Rev.) 

Disinfectants, bacteriostatic activity of, rapid 
method for estimating, 312 
Dispenser, Carr-Price reagent, modified Koch 
pipette for, 992 

Distemper virus, natural occurrence of tu- 
laremia in dogs used as source of, 
906 

Diuretic therapy, combined, studies in, 186 
Drop recorder, electron tube, 110 
Drugs, sulfa, effect of, upon growth of a-liemo- 
lyticus Streptococcus, 154 
Dye T-1S21, effects of vitamin D on capillary 
permeability by use of, 18 
method for determination of blood volume 
with, 1266 


E 


BA-1, pharmacologic action of, 150 
Eberthella typhosa, purified pyrogen from, 58 
Editorial policy, 781 

Eggs, cultivation and preservation of diplo- 
coccus pneumoniae and mycobac- 
terium tuberculosis in, 532 
Electrode paste, adhesive nondrying, 81 
Electrolytes affecting blood volume, therapy 
of migraine by, 709 

Electron tube drop recorder, simple, 110 
Elliptocytosis, 185 

Endocarditis, pneumoeoccic mural, association 
of, with acute interstitial pancrea- 
titis, 590 

subacute bacterial, confined to pulmonic 
valve with malformed leaflets, 825 
Eosinophilia, local, in malignant neoplasms, 
820 

Epidemic cerebrospinal meningitis, diagnosis 
and treatment of, 585 
Erytlirobiasts, giant orthochromntic, 127 
Erythrocyte counts of adult female rats, 
effects of ether anesthesia upon, 1070 
Erythrocytes, clumping of. in Hayem’s dilut- 
ing fluid, grave prognostic sign. 621 
effect in vitro of propylene glycol on, 197 
reversibility of sensitization of, 681 
Estradiol, chemical and morphologic re- 
sponses to, 1062 

Estrogens, serial biopsy studies of effects of, 
on liver, 1062 

Estrone, effect of, on anaerobic glycolysis of 
uterus of rat in vitro, 957 
Etiier anesthesia, effects of, upon total 
erythrocyte and white cell counts 
of adult female rats, 1070 
Ethyl alcohol in blood, micromethod for de- 
termination of, 129 

Experimental hypertension, sympatholytic 
treatment of, 1217 

Experiments, animal, simple ventilation re- 
corder for. 1205 

Extracts, tissue, micro-mincer for preparation 
of, 1101 

Extremities of man. vascular responses in, in 
health and disease, 782 (B. Rev.) 
Eves, color photography of, after fixation, 996 


Facial and body prosthesis in relation to war 
wounds. 6C7 

Feces of chronic invalids, plasma-coagulating 
staphylococci in, 938 

Fever, artificially induced, effect <>f, on ana- 
phylactic shook in actively sensltizeii 
guinea pigs. 621 

Fibroblasts in tissue culture, growth of. eneci 
of water-soluble chlorophyll deriv- 
atives and other agents upon. 211 

Flicker, reappearance of, at high flash fre- 
quence in patients with brain path- 
ology and in normal subjects, bJ 
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Flu ills for Intravenous use, leucocytosls as 
index of pyiogcmcity in. 735 
Fluorescence microscopy, staining tubercle 
bacilli In, comparison of procedures 
for. 218 

phenomena, photographs of, In color, in; 
expensive method of publishing, 1207 
Food infection, Salmonella, in mllltaiy pei- 
sonncl, 1042 

Fraction, globulin, cold-susceptible, of patho- 
logic seia, 1082 

polysaccharide, of three-hour cultures of 
Staphylococcus aureus, chemical 
composition and antigenic proper- 
ties of, 1054 

Frcezing-drj ing of tissues for storage, appa- 
ratus for, 657 

Fiog, South African clawed, reaction of, to 
human pregnancy serum, 527 
Fungi, bacteiia. and spirochetes in sections 
from paraffin-embedded tissue blocks, 
silver stain for demonstration of. 868 
Fungicide, cotton hose as vehicle for, in 
treatment of athlete’s foot, 606 


G 

Gastric mucus smears, permanent metachro- 
inatic staining of, 321 

Gentian violet-blood agar plates used m aero- 
bic and anaerobic cultures of 
wounds, 1090 

Germicidal action of cadmium chloride, adju- 
vant effect of aerosol upon, 689 
Germic ' *’■ - method to 

Giant ■ 127 

Glass , substitute 

for, in histologic technique, 1294 
Glucose, blood microdetermmation of, 113 
Glue, processed as substitute for glass cover- 
slips in histologic technique, 1294 
Glycogen metabolism in liver under fasting 
conditions, 106 

Glycogenesls, new technique for measurement 
of, 306 

Gold compounds in rats, toxicity of, 1168 
reaction, significance of pH in. 970 
Gonads and adrenals, effect of, on absorption 
of subcutaneous sesame oil, 850 
Gonococcus cultures, delayed, solid medium 
for transportation of, 314 
Gonorrhea, sulfonamide-resistant, treated with 
urea and sulfonamide by mouth, 889 
Grafts, cast chip-bone, repair of cranial de- 
fects by, 546 

Guide, time and temperature, for inspissating 
culture media, 526 

Guinea pigs, actively sensitized, anaphylactic 
shock in, effect of artificially induced 
fever on, 614 


H 

Hair, human, occurrence of arsenic in, and 
medicolegal significance. 439 
Hand, influenza virus on. persistence of, 121 
Hayem's diluting fluid, clumping of erythro- 
cytes in, grave prognostic sign, 624 
Head injuries, 68 
Heart diseases. 999 (B. Rev.) 
muscle and blood in uremia, cardiotoxic 
substances in. 715 

rate and blood pressure, vai lability of. in 
selected groups of college and lush 
school students, 1139 

Heat produced by short wave diathermy, 
effect of, on activity of muscle, 609 
Hematocrit tube, new, 301 
Hematologic actions of acetanfiid and aceto- 
phenetidin in dog, 94 2 
complications of therapy with radioactive 
phosphorus, 1020 

work, improved restraining device for rats 
and mice, 981 

Hemochromatosis, mobilization of iron in, with 
administration of various chemicals, 
742 

Hemoglobin solution, intravenous injection of, 
reactions in blood and organs of 
dogs on, 628 

Hemolvsis, per cent, methemoglobm-oxyhemo- 
globm ratio and, in stored blood, 
method for simultaneous determina- 
tion of, 99 


a-Hcmolvticus Streptococcus, effect of chemo- 
therapeutic sulfa drugs upon growth 
of, 154 

Hemophilus pertu>-Ms infection in mice, no- 
th c and passive inmmnitj in, 21 
Ilemoirhage, bilateial adrenal (AVaterhouse- 
Fnderich.sen sjndrome) associated 
with meningococcal septicemia, 357 
Heparin, effect of, on phagocytosis, 840 
standardization and assay of, by toluidine 
blue and uzure A reactions (coirec- 
tion), 117 

Hepatic cirrhosis, syphilitic aortitis, myocai- 
ditrs, general considerations on 
pathogenesis, 139 

Hippuric acid exciction test, reaction follow- 
ing, 188 

Histologic technique, application of proc- 
essed glue as substitute foi glass 
coverslips in. 1294 
Holder, multiple rabbit, 308 
Home-canned beets, botulism from, 702 
Homemade mechanical pipette, 872 
Homicide investigation, 885 (B Rev.) 
Hormones, fat-soiublc, vehicle for intravenous 
administration of, 530 

steroid, propylene glycol as menstruum for 
administration of, 1256 
Hose, cotton, us vehicle for fungicide m treat- 
ment of athlete's foot. 606 
Human hair, occurrence of arsenic m, and 


hand, p on, 121 

Infant, of, 230 

lii. 1V.V.W.; 

inheritance, studies in, 1211 
plasma, recalcifled, serum from, suitability 
of. Tor serodiagnostic tests for 
syphilis, 1287 

pregnancy serum, reaction of Xenopus 
laevis daudin (South African clawed 
frog) to, 527 

relations in disease, clinical method for 
studying factor of, 1 

sera, normal staph) lococcus antitoxin titers 
in. 1162 

serum treatment of atypical pneumonia, 4 93 
sperm, care of, 211 

Humidity and temperature, effect of. on oxy- 
gen toxicity, 1134 

Hypertension and hypertensive disease, 998 
(B. Rev.) 

experimental, sympatholytic treatment of. 


Immunity, active and passive, in experimen- 
tal Hemophilus pertussis infection in 
mice, 21 

Implantation, mtraperitoneal. of reconstituted 
desiccated muscle, shock fiom, 339 
Indiiect sphygmonianometry, 638 
•'Inductograph,” application of, to registra- 
tion of movements, particularly of 
body structures such as pyloric 
sphincter, 863 

Infant, neuromuscular maturation of, 230 (B 
Rev. ) 

premature, meningitis in, due to proteol) tic 
Gram-negative bacillus 500 
Infection, experimental Hemophilus pertussis, 
active and passive immuntv in, in 
mice, 21 

food, Snlmonella. in military personnel, 1042 
Infections, malaria, a\ ian, apparent advantage 
of frequently administered quinine 
in, 13 

meningococcic purpuric lesions in, 273 
nonsyphilitic, persistence of falsely positive 
serologic tests for syphilis In, 473 
Influenza virus on human hand, persistence of. 
121 

resistance of Melbourne strain of, to desic- 
cation, 37 

Ingestion of large quantities of protein and 
amino acids, 963 

Inhalatinnal therapy, principles nnd practices 
of. 887 (B. Rev ) 

Inheritance, human, studies in. 1211 
Injection, intramuscular, oils used for, 259 
inttav cnotis, of hemoglobin solution, reac- 
tions in blood and organs of dogs on, 
628 

of ultra short-acting anesthetics in mice, 
296 
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Injection — Cont’d 

subcutaneous, of urine and urinary extracts 
from rheumatoid patients into rats, 
19 

Insulin and diet, control by, in diabetes, S86 
(B. Rev.) 
in diabetes, 172 

sensitivity, juvenile diabetes, 366 
stupor in schizophrenic patient, extreme re- 
sistance to, 55 

Intestinal antiseptic, value of sulfathiazole as, 
794 

protozoa, Mallory’s phosphotungstic acid 
hematoxylin for staining, 534 

Intoxication, barbiturate, picrotoxin treatment 
and, 265 

Intracutaneous and transdermal tuberculin 
tests, comparative results with, 398 

Intradermal test for vitamin C subnutrition. 
464 

Intramuscular injections, oils used for, 259 

Intrathoracic pressure, cannula for measur- 
ing, 984 

Intravenous administration of fat-soluble hor- 
mones, vehicle for. 530 
injection of hemoglobin solution, reactions 
in blood and organs of dogs on, 628 
use, fluids for. leucocytosis as index of 
pyrogenieity in, 735 

Investigation, homicide, 885 (B. Rev.) 

Iodine applicator, mechanical, 664 

Iron, mobilization of. in hemochromatosis. 

with administration of various 
chemicals, 742 

Isopropyl alcohol, acute and chronic toxicity 
of, 561 

Itch remedy, Circa 42, 177 
J 

Juvenile diabetes insulin sensitivity, 366 
K 

Kahn reactions, viewing device for reading, 
752 

shaker, paraffin tissue preparations utiliz- 
ing, 304 

viewing device with standard illumination 
for reading tubes in rack, 755 

Koch pipette, modified, for Carr-Price reagent 
dispenser, 992 


Laboratory aids in diagnosis of malaria, 51S 
diagnosis of tuberculosis, 75 
polychrome stain for use in, 1094 
small, method of obtaining compressed air 
for, 745 
supports, 536 

tests of oximeter with automatic compensa- 
tion for vasomotor changes, 987 
Lesions, penile, dark-field diagnosis of, 82 
purpuric, in meningococcic infections, 273 
Leucocytes, effect in vitro of propylene glycol 
on, 203 

Leucocytosis as index of pyrogenicity in fluids 
for intravenous use, 735 
Liver damage, severe, reaction following in- 
gestion of sodium benzoate in pa- 
tient with, 188 

glycogen metabolism in, under fasting con- 
ditions, 106 

serial biopsv studies of effects of estrogens 
on, 1062 

Local anesthetics in transcricoid therapy, 
deaths following use of. 478 
eosinopliilia in malignant neoplasms, 802 
Lonehocarpus H.B.K. (timbo), allergy from, 
939 

Lvophilization, sterile, of small amounts of 
material, simple inexpensive appa- 
ratus for. 978 , , , , 

Lvsolecithin and antihemolytie value of blood. 
1X23 


M 

[ncrocvtic anemia, nutritional, in patients 
with pellagra or vitamin B complex 
deficiency, 1226 , 

Picroscopic determination of blood groups A 
and B, 763 


Malaria, diagnosis, laboratory aids in. 518 
treatment, prophylaxis, 1307 (B. Rev.) 
infections, avian, apparent advantage of fre- 
quently administered quinine in, 43 
Malarial parasites, simple acid water solution 
for better visualization of, using 
Wright’s stain for thick blood films, 
1103 

Vi agglutinative properties for Bacterium 
typhosum demonstrated following in- 
fection with, 916 

Malignant neoplasms, local eosinophilia in, 820 
Mallory's phosphotungstic acid hematoxylin 
for staining intestinal protozoa, 534 
Manual and mechanical resuscitation in ex- 
perimental asphyxia, 695 
Mapharsen and neoarsplienamine, biliary ex- 
cretion of, effect of bile acids on, 853 
Maturation, neuromuscular, of human infant, 
230 (B. Rev.) 

Mechanical and manual resuscitation in ex- 
perimental asphyxia, 695 
device for making multiple paraffin rings 
for slide precipitation tests for syph- 
ilis. 1100 

iodine applicator, 664 
pipette, homemade, 872 
Media, culture, bacteriologic maintenance of 
moisture in, 751 

time and temperature guide for inspissat- 
ing, 526 

Medical diagnosis, 1210 (B. Rev.) 
illustration, 54 6, 667, 994, 1207 
students, biochemistry for, 450 (B. Rev.) 
Medicolegal significance of arsenic in human 
hair, 439 

Medium for determination of citrate utiliza- 
tion by colon bacteria, 306 
solid, for transportation of delayed gono- 
coccus cultures, 314 

Melbourne strain of influenza virus, resistance 
of, to desiccation, 37 

Meningitis, epidemic cerebrospinal, diagnosis 
and treatment of, 585 

in premature infant due to proteolytic 
Gram-negative bacillus, 500 

Meningococcal septicem - ’ 

hemorrhage C 
sen syndrome) 

Meningococcic infections, purpuric lesions in, 
273 


Metabolism, glycogen, in liver under fasting 
conditions, 106 

Metachromatic staining, permanent, of gastric 
mucus smears, 321 

Metal, "digestion” of, in stomach, 687 

Metals, traces of, colorimetric determination 
of. 782 (B. Rev.) 

Methemoglobin-oxyhemoglobin ratio and per 
cent hemolysis in stored blood, 
method for simultaneous determina- 
tion of, 99 

Method, assay, for penicillin and similar sub- 
stances, 319 

clinical, for studying factor of human rela- 
tions in disease, 1 

for determination of blood volume with dye 
T-1824, 1266 

of penetratini * ---i - 

of tliiouraci] i 329 

for estimating dis- 

infectants, 312 

serum atabrine concentration. 1303 
for mounting gross pathologic specimens in 
Petri dishes, 91 

for obtaining compressed air for small labo- 
ratory, 745 

for paraffin tissue preparations utilizing 
Kahn shaker, 304 

for publishing photographs of fluorescence 
phenomena in color, 1207 
for recover} - of penicillin from urine, 769 
for simultaneous determination of methemo- 
globin-oxyhemoglobin ratio and per 
cent hemolysis in stored blood, 99 
quick paraffin, for small biopsies, 74 
selenium, for determination of nonprotein 
nitrogen, 666 , 

2-Metliylaminoheptane (EA-1), pharmacologic 
action of. 150 

Methvlene violet, role of, in Romanovsk} 
staining of blood films, 1181 

Mice, active and passive Immunity in experi- 
mental Hemophilus pertussis infec- 
tion in, 21 
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Mice — Cont’d 

apparatus for constant rate intravenous in- 
jection of ultra short-acting anes- 
thetics in, 296 

improved restraining device for hema- 
tological work with, 981 
methods of infecting, 21 

Micro-decantcr for centrifuge washing, 881 

Microdetermination of blood glucose, 113 

Micromethod for determination of ethyl alco- 
hol in blood, 429 

Micro-mincer to facilitate pieparation of tis- 
sue extracts, 1104 

Microscopic observation of collodion particle 
agglutination in protein-antlpiotein 
systems, 352 

Microscopy fluorescence, staining tubercle ba- 
cilli in, companion of procedures 
for, 218 

Microtome sections, device for piotection of, 

Micrurglcal and germ-free techniques, 119 
<B Rev.) 

Migraine, therapy of, by electrolytes affecting 
blood volume, 709 

Military personnel. Salmonella food infection 
in, 1042 

Mobilization of iron in hemocht omatosis with 
administration of various chemicals, 
742 

Moisture, maintenance of, in bacterlologic cul- 
ture media, 751 

Mounting gross pathologic specimens in Petri 
dishes, 91 

Mural endocarditis, pncumococcic, association 
of, with acute interstitial pancrea- 
titis. 590 

Muscle, activity of, effect of heat produced by 
short wave diathermy on. 609 
desiccated, reconstituted, shock from intra- 
peritoncal implantation of, 339 

Mycobacterium tuberculosis and diplococcus 


N 

Neoarsplienanunc and mnpharsen. biliary ex- 
cretion or, effect of bile acids on. 853 

Neoplasms, malignant, local eosinophilia in, 
820 

Neuromuscular maturation of human infant, 
230 (B. Rev.) 

Nitrate reduction, modified test foi detection 
of, 404 

Nitrogen, nonprotem, selenium method for de- 
termination of, 666 

Nodal rhythm and bundle branch block fol- 
lowing aspirin hypersensitivity, 595 

Nomogram for organ weights of children, 1300 

Nutritional macrocytic anemia in patients 
with pellagra or \ltamin 13 complex 
deficiency, 1226 

status of Staphylococcus aureus as influ- 
enced by proflavine. 3 S3 


Oils used for intiamusculai injections. 259 

Opium alkaloids, pharmacology of. 450 (B 
Rev. ) 

Oral thermometers, clinical use of, 179 

Organ weights of child! en, nomogram for, 
1300 

Oscillometer and thermocouple as diagnostic 
aids in peripheral vascular disease. 
1147 

Oximeter with automatic compensation for 
vasomotor changes, laboratoiy test 
of, 987 

Oxygen toxicity, effect of humidity and tem- 
ppiatuie on, 1134 


P. lophurao in chick, effect of heparin on, 840 
P. notatum flask cultures, simple appaiatus 
for periodic testing of. 749 
Pancreatitis, acute interstitial, association of. 

with acute pneumococclc mural 
endocarditis, 590 

Pandy test and total protein content of spinal 
fluid, relation between, 54 2 


Pappenheim stain, stable modification, 207 
Paraffin method, quick, for small biopsies, 74 
rings, multiple, mechanical device for mak- 
ing. for slide precipitation tests foi 
syphilis, 1100 

tissue preparations utilizing Kahn shaker, 
simple rapid method for, 304 
Parkinson’s disease, 67 

Paioxysmal tachycardia, transient T-wave in- 
version following, 598 
Paste, clecti ' ' r l 

Pathogenesu syph- 

ilit hepat- 

ic 

Pathognostlc scioflocculation, 1198 
Pathologic conditions, seroflocculation with 
new gioup of antigens in, 1198 
seia, cold-susceptible globulin fraction of. 
1082 

specimens, fixed color photography of, 991 
Pediatrician, compleat, 560 (B. Rev.) 
Pellagra, patient with, nutritional macrocytic 
anemia in, 1226 

Penicillin chemotherapy, ineffective, of arthrit- 
ic rats infected with pleuropneu- 
monla-like organism, 372 
commercial, acute toxicity of, 809 
convenient assay method for, 319 
recovery of. from urine, 769 
Penile lesions, darlc-fleld diagnosis of, 82 
Peripheral arterial pressure in rabbit’s ear, 
shnple apparatus for determining, 

vascular disease, oscillometer and thermo- 
couple as diagnostic aids in, 1147 
pH in gold reaction, signflcance of, 970 
Phagocytosis, effect of heparin on, 840 
Pharmacologic action of 2-methylaminohcp- 
tane (EA-1), 150 

Pharmacology of opium alkaloids, 450 (B 
Rev.) 

Phenol coefficients, determination of, in pies- 
enco of surface tension depiessants, 
767 

Phosphorus, radioactive, hematologic compli- 
cations of therapy with, 1020 
Photographs of fluorescence phenomena in 
color, inexpensive method for pub- 
lishing, 1207 

Photography, color, of fixed pathologic speci- 
mens. 994 

Phthalylsulfathiazole, clinical use of, 785 
Physical diagnosis, applied, 1210 (B Rev.) 
Picrotoxin treatment and barbiturate intoxi- 
cation. 265 

Pipette, automatic, simple, 747 
Koch, modified, for Carr-Pricc reagent dis- 
penser, 992 

mechanical homemade, 872 
modified, for prothrombin determinations, 
986 

Plasma clot tensile strength. 282 
human, recalcifled. scrum from, for soro- 
diagnostic tests for syphilis, 1287 
Plasma-coagulating staphylococci in feces of 
chronic invalids, 938 
Plates, blood agar, 538 

Pleuropneumonia-like organisms, arthritic rats 
infected with, ineffective penicillin 
chemotherapy of. 372 

Pneumococcal pneumonia, treatment of, with 
sulfamethazine. 568 

Pneumococcic mural endocarditis, association 
of. with acute interstitial pancrea- 
titis, 590 

Pneumonia, atypical, human serum tieatment 
of. 4 93 

pneumococcal, treatment of, with sulfameth- 
azine, 568 

“reverse” typing as aid in diagnosis of, 1203 
Policy, editorial. 781 

stains. 1097 

‘ i in clinical 

*■ illus. 231 

QRS. coro- 
wlth. 673 

Pregnancy hormone test, use of albino rat in. 
419 

in juvenile diabetes, 369 

serum, human, reaction of Xenopus laevis 
daudin (South African clawed frog) 
to, 527 
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Preservation of, cultivation and. of diplo- 
coccuk pneumoniae and mycobac- 
terium tuberculosis in market eggs. 

Proflavine, nutritional' status of Staphylococcus 
aureus as influenced bv, 383 

Promegaloblast, 127 

Pronormoblast, 127 

Propylene glycol as menstruum for adminis- 
tration of steroid hormones, 1256 
effect in vitro of, on erythrocytes, 197 
on leucocytes, 203 

Prosthesis, facial and body, in relation to war 
tvounds, 667 

Protein and amino acids, ingestion of large 
quantities of. 963 

content of spinal fluid and Pandy test, rela- 
tion between, 5 -(2 

serum, concentration, relationship of blood 
iso-agglutinin titers to, 1156 

Protein-antiprotein systems, microscopic ob- 
servation of collodion particle agglu- 
tination in, 352 

Proteins, serum, determination of, adaptation 
of direct biuret method to box com- 
parator colorimetry, 436 

Proteinuria, simplified and rapid test for, 228 

Prothrombin determinations, modified pipette 
for. 986 

Psychiatry, borderlands of, 119 (B. Rev.) 

fundamentals of, 884 (B. Rev.) 

Pulmonary disease, chronic, in South Wales 
coalminers, 119 (B. Rev.) 

Pulmonic valve with malformed leaflets, sub- 
acute bacterial endocarditis confined 
to. 825 

Purpuric lesions in meningococeic infections, 
273 

Pyloric sphincter, application of "inducto- 
graph" to registration of movements 
of, 863 

Pyrogen, purified, from Eberthella typhosa, 58 

Fyrogenicity, leucocytosis as index of, in 
fluids for intravenous use, 735 


Q 

QRS, prolonged, and short PR interval, coro- 
nary disease associated with, 673 
Quinine in avian malaria infections, apparent 
advantage of frequently adminis- 
tered, 43 

R 


Rabbit box, 303 

holder, multiple, 308 

Rabbits, experiments on, Raynaud’s disease 

with cold agglutination, 1074 
kidneys of, patholc ' ■ - - J J by 

prolonged dfa- 

pyrazine ,ai in. 

compared and 

sulfadiazine, 574 

peripheral arterial pressure in ears of, 

simple apparatus for, 214 
Rabies, 120 (B. Rev.) 

Radioactive phosphorus, hematologic compli- 
cations of therapy with, 1020 
Rats, adult female, effects of ether anesthesia 
upon total erythrocyte and white 
cell counts of. 1070 

albino, absorption of sulfonamides from gas- 
trointestinal tract of. 921 
use of, in pregnancy hormone test, 419 
arthritic, infected witli pleuropneumoma- 
like organisms, ineffective penicillin 
chemotherapy of, 372 . 

effect of estrone on anaerobic glycolysis of 
uterus of, 957 , , 

of subcutaneous injection of urine and 
urinary extracts from rheumatoid 
patients into, 19 

improved restraining device for hemato- 
logical work with. 981 
toxicitv of gold compounds in, 1168 
Raynaud's disease with cold agglutination, 
vasospastic factor in serum of case 

of. 1°“ 4 

Reaction following ingestion of sodium ben- 
n zoate in patient with severe li\er 

of Venopus fa’evis daudin (South African 
clawed frog) to human pregnancy 
serum. 527 


Reactions, , cold hemagglutination, in tubercu- 
losis, 270 

in blood and organs of dogs on intravenous 
injection of hemoglobin solution, 628 
Kahn, viewing device for, 752 
Recorder, drop, electrone tube, 410 
ventilation, simple, for animal experiments, 


Relationship between blood volume and blood 
specific gravity in recovery from 
cardiac decompensation, 390 
Pandy test and total protein content of 
spinal fluid, 542 
Remedy, itch. Circa 42, 177 
Renin, low temperature incubation with, assay 
of renin substrate by, 633 
substrate, assay of, by low temperature in- 
cubation with renin, 633 
Repair of cranial defects by cast chip-bone 
grafts. 546 

Restraining device, improved, for hemato- 
logical work with rats and mice, 981 
Resuscitation, manual and mechanical, in ex- 
perimental asphyxia, 695 
Rheumatoid patients, effect of subcutaneous 
injection of urine and urinary ex- 
tracts from, into rats, 19 
Romanovsky staining of blood films, and role 
of methylene violet, 1181 


Salmonella anatum, 1042 
food infection in military personnel, 1042 
oranienburg, 1042 

types, occurrence of, in inhabitants of state 
hospitals of greater Chicago area, 
3 75 

typhi murium, 1042 

Salts, effect of, on activity of sulfacetamide, 
462 

Saturation test, ascorbic acid, 324 

Schizophrenic patient, insulin stupor in, ex- 
treme resistance to, 55 

Selenium method for determination of non- 
protein nitrogen, 666 

Sensitization of erythrocytes, reversibility of. 
6S4 

Septicemia, meningococc ’ 

hemorrhage (' 1 
sen syndrome) 

Sera, human, normal, staphylococcus antitoxin 
titers in. 1162 

Seroflocculation with new group of antigens in 
some pathologic conditions, 1198 

Serum atabrine concentration, simple method 
for estimating, 1303 

blood, determination of tocopherol in, 772 

from recalcified human plasma, suitability 
of. for serodiagnostic test for syph- 
ilis, 1287 

of case of Raynaud's disease with cold ag- 
glutination, vasospastic factor in, 
1074 

protein concentration, relationship of, to 
‘ "■ ' titers, 1156 

proteins adaptation or di- 

to box compara- 


tor colorimetry, 436 
stabilizing, for blood typing, 76G 
treatment, human, of atypical pneumonia, 
493 

Sesame oil, effect of gonads and adrenals on 
absorption of, 850 

Shock, anaphylactic, in actively sensitized 
guinea pig, effect of artificially in- 
duced fever on, 614 

from intraperitoneal implantation of re- 
constituted desiccated muscle, 339 
patients in. determination of blood volume 
in, 1273 

Short wave diathermy, effect of beat produced 
bv, on activity of muscle, 009 

Sickness, a'ltitude, possible allergic factor in. 


831 

iilver stain for demonstration of bacteria, 
spirochetes, and fungi in sections 
from paraflin-embedded tissue 
blocks. 868 

Smears, gastric mucus, permanent meta- 
chromatic staining of, 321 , 
odium benzoate, reaction following ingestion 
of, in patient with severe liver 
damage, 188 
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Solution, simple acid water, for bottei \IsuaII- 
zation of malarial parasites using 
Wright's stain for thick blood films, 
1103 

uieasc, concentrated, more stable, prepara- 
tion of. 337 

Solutions, staining, self-buffering, 1097 

South African clawed frog, reaction of, to 
human pregnancy serum. 327 

South Wales coalminers, chronic pulmonary 
disease in, 119 (B. Rev.) 

Specimens, fixed pathologic, color photography 
of, 394 

gioss pathologic, method of mounting, in 
Petri dishes, 91 

Spectrophotometer and optical colorimeter, | 
microdctcrminntion of ammo acid 1 
nitrogen In blood with, 322 

Sperm, human, care of, 211 

Sph> gmomanometer cuff, effect of distal ap- 
plication of. on localized venous 
pressure and aid in \cnlpunctuic, 
539 

Sphygmomanomctry, indirect, 638 

Spinal fluid, total protein content of. and 
Panel}* test, relation between, 312 

Spirochetes, bacteria, and fungi in sections 
from paraffln-embedued tissue 
blocks silver stain for demonstration 
of. 8G8 

Splenic tissue, traumatic autograft of, in body 
wall, 247 

Stain. Mallory’s phospliotungstic acid hema- 
toxylin, for intestinal protozoa. 534 
Pappenheim, stable modification, 207 
Polychrome No. 28, for use in clinical labo- 
ratory, 1094 

siher, for demonstration of bacteria, spiro- 
chetes, and fungi In sections from 
paraffin-embedded tissue blocks, 868 
Wright s polychrome methylene biue-cosin, 
1097 

Staining, metachromatic, permanent, of gastric 
mucus smears, 321 

and role of 


comp. 1 

Staphylococci, 
chron 
Staphylococcus 
huma 

aureus, nutritional status of. as influenced 
by proflavine, 383 

polysaccharide fraction of three-hour cul- 
tures of, chemical composition und 
antigenic properties of. 1054 
Sternal bone marrow in the aged, 508 
Steioid hormones, propylene glycol as men- 
stiuum for administration of, 1256 
Stomach, •‘digestion” of metal in. 687 
Stupor, insulin, in schizophrenic patient, ex- 
tiemc resistance to. 55 

Subacute bacterial endocarditis confined to 
milmonic vahe with malformed leaf- 
lets, 825 

Subnutrition, vitamin C, intiadermal test for, 
464 

Sulfacetamide, effect of certain salts on ac- 
tivity of. 462 

Sulfadiazine. acute macrocytic hemolytic 
anemia following administration of. 
347 

and sulfathlazole, prolonged administration 
of sulfapyrazine and sulfa methyldia- 
zine in kidnejs of rabbits compared 
with. 574 

Sulfnmeia 


therapv, acute agranulocytosis during. 899 

Sulfamethazine tieatment of pneumococcal 
pneumonia, 568 

Sulfaniethj Uliazine (sulfumeiazine) and sulfa- 
pjrnzine, prolonged administration 
of. in kitlm*} s of i.ibbita as com- 
puted with sulfatlilazole and sulfa- 
din zlne, 574 

Sutfap} lazine and sulfametli} Idiazine (sulfa- 
meinzine). pi o longed adniinlstmtion 
of. in kidne} s of rabbits as com- 
pared with sulfathiazole and sulfa- 
diazine. 574 


effect of, upon growth of a-hemol} ticus 
Streptococcus, 454 

Suppoits, laboratory, 536 

Sui face tension depressants, cleteinunation of 
phenol coefficients in picsence of, 
767 

Symptoms, analysis and interpretation of, 99 9 
, <B. Rev ) 

Syndioitie, Watei hoUsc-Friderlchsen, 703 

Syphilis, mechanical device for making mul- 
tiple paraffin rings for slide precipi- 
tation tests for. 1100 

persistence of falsely posithe serologic tests 
for, in nonsyphllitic infections, 173 
scrodia gnostic tests foi, suitability of .scrum 
from recalcifled human plasma for. 
1287 


Tachycardia, paroxysmal, transient T-uave 
inversion following, 598 

Technique for measurement of glycogencsis, 
106 

simple auscultatory, for estimation of blood 
pressure of dogs, 97 

Techniques, micrurgical and germ-free. 119 
(B. Rev.) 

Telangiectasia, multiple, homozygous form of, 
1211 

Temperature and humidity, effect of, on oxy- 
gen toxicity. 1134 

and time guide for inspissating culture 
media. 526 

Tensile strength of plasma clot, 282 

Test, agglutination, rapid, for diagnosis of 
tularemia, 976 

ascorbic acid saturation. 324 
cold autoagglutination, 271 
Jsoagglutination, 270 
creatinine clearance. 1015 
for pregnancy, reaction of Xenopus laevis 
daudin (South African clawed frog) 
to human pregnancy serum. 527 
for proteinuria, simplified and rapid, 228 
intradermal. for vitamin C subnutrition. 464 
modified, for detection of nitrate reduction, 
404 

Pandy, and total protein content of spinal 
fluid, relation between, 542 
pregnancy hormone, use of albino rat in. 419 

Testing, periodic, of P. notatum flask cultures, 
simple apparatus for, 749 
splenic, traumatic autograft of. in body 
wall, 247 

Tests for syphilis, serodiagnostic, suitabilltv 
of serum from recalcifled human 
plasma for. 1287 

laboratory, of oximeter with automatic 
compensation for vasomotor changes. 
987 

serologic, falsely positive, persistence of. 
for syphilis in nonsyphllitic infec- 
tions, 473 

slide precipitation, for syphilis, mechanical 
device for making multiple pataffin 
rings for, 1100 

tubciculln, transdermal and intracutancous. 
comparathe results, 398 

Texto de bacteriologia, 118 (B Rev.) 

Therapy, diuretic, combined, studies in. 486 
inhalational, principles and practices of, 
887 (B. Rev) 

of migraine by electrolytes affecting blood 
\ olume. 709 

sulfanierazine, acute agramiIoe> to«ds dining, 
899 

tianscricoid, deaths following use of local 
anesthetics in. 478 

with radioactive phosphoius, lie uiatol ogle 
complications of, 1020 

Thermocouple and oscillometer as diagnostic 
aids in peripheral vasculai disease, 
1147 

Thermometers, oral, clinical use of, 179 
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Thiouracil in tissues and body fluids, methods 
for determination of, 329 

Timbc5 (Loncliocarpus H.B.K.), allergy from, 
939 

Time and temperature guide for inspissating 
culture media, 526 

Tissue blocks, paraffin-embedded, silver stain 
for demonstration of bacteria, spiro- 
chetes, and fungi in sections from, 
868 

culture, growth of fibroblasts in, effect of 
water-soluble chlorophyll derivatives 
and other agents upon, 241 
extracts, micro-mincer for preparation of. 
1104 

Tissues, freezing-drying of, for storage, ap- 
paratus for, 657 

thiouracil in, methods for determination of, 
329 


'. U 

Ulcerative colitis, treatment of, with phthalvl- 
sulfathiazole, 797 

Urea and sulfonamide by mouth, treatment 
for sulfonamide-resistant gonorrhea, 
889 . 

Urease solution, concentrated, more stable, 
preparation of, 337 

Uremia, cardiotoxic substances in blood and 
heart muscle in, 715 

Urinary extracts and urine from rheumatoid 
patients, effect of subcutaneous in- 
jection of, into rats, 19 

Urine, ammonia in, determination of, 447 
and urinary extracts from rheumatoid pa- 
tients. effect of subcutaneous injec- 
tion of, into rats, 19 
recovery of penicillin from, 769 


Tocopherol, determination of, in blood serum, 
772 

Toluidine blue and azure A reactions, stand- 
ardization and assay of heparin by 
(correction), 117 

Toxicity, acute and chronic, of isopropyl al- 
cohol, 561 

of commercial penicillin. 809 
of gold compounds in rats, 1168 
of yohimbine hydrochloride, 1222 
oxygen, effect of humidity and temperature 
on, 1134 

" Transcricoid therapy, deaths following use of 
local anesthetics in, 478 
Transcutaneous and intracutaneous tuberculin 
tests, comparative results with, 398 
Transdermal and intracutaneous tuberculin 
tests, comparative results with, 398 
Transportation of delayed gonococcus cultures, 
solid medium for, 314 

Traumatic autograft of splenic tissue in body 
wall, 247 

Treatment, human serum, of atypical pneu- 
monia, 493 

of athlete’s foot, cotton hose as vehicle for 
fungicide in, 606 
of diabetes, 168 

of epidemic cerebrospinal meningitis, 585 
of pneumococcal pneumonia with sulfa- 
methazine. 568 

of sulfonamide-resistant gonorrhea with 
urea and sulfonamide by mouth. 889 
picrotoxin, and barbiturate intoxication, 265 
sympatholytic, of experimental hypertension, 
121 7 

Treponema pallidum, differential motility 
characteristics of, 82 
Trichinosis, 1307 (B. Rev.) 

Tube, hematocrit, new, 301 
Tubercle bacilli, comparison of procedures for 
staining, in fluorescence microscopy. 
218 

bacillus, polysaccharide from, 231 
Tuberculin tests, transdermal and intracu- 
taneous, comparative results, 398 
Tuberculosis, blood in, clinical significance of. 
118 (B. Rev.) 

' 936 

reactions in, 270 
of, 75 

Tularemia, diagnosis of, rapid agglutination 
test for, 976 

human, isolation of Bacterium tularense 
from sputum of atypical case of, 903 
in cats. 911 
in chicks, 912 

in dogs, natural occurrence of. used as 
source of canine distemper virus, 906 
in laboratory animals, 913 
in mice, 912 

T-wave inversion, transient, following parox- 
ysmal tachycardia, 598 

Tvping, "reverse”, as aid in diagnosis of 
pneumonia, 1203 
serum. 763 


V 


Vascular responses in extremities of man in 
health and disease, 782 (B. Rev.) 
Vehicle for intravenous administration of fat- 
soluble hormones, 530 

Venipuncture, effect of distal application of 
sphygmomanometer cuff on localized 
venous pressure and aid in, 539 
Venous pressure,' localized, effect of distal ap- 
plication of sphygmomanometer cuff 
on, and aid in venipuncture, 539 
Ventilation recorder for animal experiments, 
1205 

Vertebral arteries, aneurysms of; considera- 
tion of their etiology, 28 
Vertigo and related conditions, 680 
Vi agglutinative properties for Bacterium 
t.vphosum demonstrated following in- 
fection with malaria parasites. 916 
Viewing device for reading Kahn reactions, 
752 

Kahn, with standard illumination for 
reading tubes in rack, 755 
Virus, influenza, Melbourne strain of, resist- 
ance of, to desiccation, 37 
persistence of, on human hand, 121 
Vitamin B complex deficiency, patients with, 
nutritional macrocytic anemia in, 
1226 

C subnutrition, intradermal test for, 464 
II, effects of, on capillary permeability by 
use of dye T-1S24, 48 


IV 

War wounds, facial and body prosthesis in 
relation to. 667 

Waterhouse-Friderichsen syndrome, 703 

associated with meningococcal septicemia, 
357 

Weights, organ, of children, nomogram for, 
1300 

Wounds, aerobic and anaerobic cultures or. 

gentian violet-blood agar plates used 
in, 1090 

healing, role of creatine in cell growth in 
vitro and its use in, 483 
war, facial and body prosthesis in relation 
to, 667 

"Wright’s polychrome methylene blue-eosin 
stain, 1097 

stain for thick blood films, simple acid water 
solution for better visualization of 
malarial parasites using, 1103 


X 

Xenopus laevis daudin (South African clawed 
frog), reaction of, to human preg- 
nancy serum, 527 

Xvlenesulfonic acid, as protein precipitant for 
sulfonamide determination in blood. 
879 

Y 

•— ¥»>Ulinbine hydrochloride. 1217 
^^ity of, 1222 




